The Structures, Mass Motions And Footpoints Of Solar Filaments by Venkataramanasastry, Aparna
University of North Dakota
UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
1-1-2014
The Structures, Mass Motions And Footpoints Of
Solar Filaments
Aparna Venkataramanasastry
Follow this and additional works at: https://commons.und.edu/theses
This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.
Recommended Citation























University of North Dakota 
 





for the degree of 
 

















Title             The Structures, Mass Motions and Footpoints of Solar Filaments 
 
Department   Space Studies 
 
Degree Master of Science 
 
In presenting this thesis in partial fulfillment of the requirements for a 
graduate degree from the University of North Dakota, I agree that the library of this 
University shall make it freely available for inspection. I further agree that 
permission for extensive copying for scholarly purposes may be granted by the 
professor who supervised my thesis work or, in his absence, by the chairperson of 
the department or the dean of the Graduate School. It is understood that any 
copying or publication or other use of this thesis or part thereof for financial gain 
shall not be allowed without my written permission. It is also understood that due 
recognition shall be given to me and to the University of North Dakota in any 





Signature  Aparna Venkataramanasastry 
 













TABLE OF CONTENTS 
 
LIST OF FIGURES ...................................................................................................................................... vii 
LIST OF TABLES ...................................................................................................................................... xiv 
ACKNOWLEDGMENTS ........................................................................................................................... xv 
ABSTRACT .................................................................................................................................................. xvi 
CHAPTER 
1. LITERATURE REVIEW ......................................................................................................................... 1 
Introduction ........................................................................................................................................ 1 
The Chromosphere ...................................................................................................................... 2 
Chromospheric Features ........................................................................................................... 4 
Filament Channels ............................................................................................................................ 5 
Property of Chirality in Filament Channels .................................................................... 13 
Filaments ........................................................................................................................................... 14 
Classification of Filaments ..................................................................................................... 18 
Active Region Filaments .................................................................................................... 20 
Quiescent Filaments ............................................................................................................ 21 
Intermediate Filaments ...................................................................................................... 22 
v 
 
Polar-crown Filaments ....................................................................................................... 23 
Normal and Inverse prominences ................................................................................. 24 
The Property of Chirality in Filaments ............................................................................. 25 
Prominences ................................................................................................................................ 30 
Classification of Prominences .......................................................................................... 33 
Filament Footpoints and Mass flow properties ................................................................ 36 
2. DATA ........................................................................................................................................................ 47 
Dutch Open Telescope Hα Data ........................................................................................... 47 
Magnetograms ............................................................................................................................ 49 
Full Disk Hα Images .................................................................................................................. 52 
3. METHODOLOGY AND DATA REDUCTION ............................................................................... 54 
Data Processing - Animation ................................................................................................ 55 
Data Processing - Registration of DOT images with the HMI magnetograms . 58 
Data Processing – Marking the Filament Footpoints ................................................. 66 
4. RESULTS & INTERPRETATIONS ................................................................................................. 70 
The Determination of Footpoints of the Filaments .................................................... 77 
Projection of Filament Feet on the Magnetograms ..................................................... 81 
Projection Effects ....................................................................................................................... 91 
Contrast Near the Feet ............................................................................................................ 92 
vi 
 
Distance Between the Blue and Red Cross Marks ....................................................... 93 
Chirality of the Filaments 1 & 2 ........................................................................................... 94 
Chirality of Filament 3 ............................................................................................................. 98 
Evidence for Mass Going Into and Coming Out of the Chromosphere ............. 100 
5. LINKING THIS WORK WITH A MODEL ................................................................................... 112 
Recommendations for Future Models ....................................................................... 118 
6. SUMMARY ........................................................................................................................................... 119 
APPENDIX ................................................................................................................................................ 121 














LIST OF FIGURES 
Figure          Page 
1. A conceptual diagram of the interior and the atmospheric layers of the Sun 
(credit: NASA) ............................................................................................................................................. 1 
2. Temperature-height graph showing abundances of metals in the Sun with    
respect to height (Vernazza et al. 1981) .......................................................................................... 6 
3. Features on the full disk Hα image of the Sun on 08/23/2013 obtained by        
BBSO ................................................................................................................................................................ 6 
4.An active region showing filaments, sunspots, fibrils, plages in Hα (left) and 
network regions in Ca II H (right). (source: DOT) ....................................................................... 7 
5. A large and a small active region are shown in the two red boxes. Yellow lines     
are the major polarity reversal boundaries (Credit: 2014 SDO Feature Finding 
Team) ........................................................................................................................................................... 10 
6. Rotational configuration of the line-of-sight magnetic component across a 
filament channel (Martin, Bilimoria & Tracadas 1994) ......................................................... 11 
7. Coronal cells - plume like structure in the corona seen in 193A. The dark       
region on the right is the coronal hole and a filament channel is seen on the left. 
(Sheeley et al. 2012) .............................................................................................................................. 13 
8. Further classification of filaments based on region of formation (Mackay et al. 
2008) ............................................................................................................................................................ 19 
9. Two filaments seen in a plage region (Source: DOT 10/05/2010) .............................. 22 
10. A filament in the quiet region on the Sun  (Source: DOT 10/30/2010) .................. 22 
11. Intermediate filament (DOT) ..................................................................................................... 23    
12. Polar crown filament (BBSO) ..................................................................................................... 23 
13. The region of the prominence above the limb is visible in the 304 Å image       
(left bottom corner) compared to the Hα image in the other three images (image     
in the upper right corner is the closest in time to the 304 Å image) ................................ 23 
viii 
 
14. A region on the Sun with dextral and sinistral filaments ............................................... 28 
15. Definitions for Chirality (Martin 1998) ................................................................................. 28 
16. The image shows a dextral filament on the left and sinistral filament on the  
right, both having oppositely directed axial magnetic field, hence forming a cusp      
at one end of the filament (Martin, Bilimoria & Tracadas, 1994) ...................................... 29 
17. Structure of prominence in the corona (Webb & Zirin 1981). .................................... 33 
18. Coronal cloud prominence                                            
(www.lafterhall.com/solar_prominence_photography.html) ............................................. 33 
19. A hedgerow prominence (credit: NSO/AURA/NSF) ........................................................ 36 
20. A tornado-like prominence (credit: Helio Research) ...................................................... 36 
21. The Dutch Open Telescope (DOT) with the canopy opened (Rutten et al.       
2001)  ........................................................................................................................................................... 49 
22. DOT over the 150m tower ........................................................................................................... 49 
23. The main components of the Dutch Open Telescope (Rutten et al. 2001) ............. 49 
24. An example of the magnetogram of the Sun. The black and white regions       
show the negative and positive polarity network regions respectively. (Image 
courtesy: NASA/ SDO/ HMI). ............................................................................................................. 50 
25. Schematic diagram of HMI instrument onboard SDO ..................................................... 53 
26. A section of the overlaid Hα full-disk and magnetogram image showing the 
chromospheric and photospheric limbs. The innermost curve is the boundary           
of the photosphere. The edge of the chromosphere is seen next; it is wispy and      
lacks a distinct boundary like that of the photosphere. The outermost curvature       
is an artifact from the magnetogram. ............................................................................................. 60 
27. The Hα full disk image is corrected for the position angle by rotating the      
image by 4  with respect to the magnetogram. The position angle for the day is      
24  but the Hα required 4  of rotation. The regions in the squares are used for 
accurate alignment between the two images. ............................................................................ 61 
28. One of the features on the full disk used for aligning the Hα images with the 
magnetogram The magnetogram is colored so that overlay (last image in the       
row) can be identified to be correct ............................................................................................... 62 
29. The second feature used for aligning the full disk Hα and magnetogram      
images .......................................................................................................................................................... 62 
ix 
 
30. Third feature used for full disk Hα and magnetogram alignment ............................. 62 
31. The cropped Hα and magnetogram overlay (step 6) is shown with the region     
of interest (W28N37) in the square ................................................................................................ 63 
32. The region of interest is cropped out of the magnetogram and Hα image     
overlay to match the DOT image scale .......................................................................................... 63 
33. DOT image is overlaid on the Hα magnetogram pair (the column on the left 
shows the layers of the DOT image, Hα and the magnetogram) ........................................ 64 
34. The overlaid DOT image is corrected for the position angle of 24 degrees ........... 64 
35. The DOT image (left) and the corresponding full-disk Hα region (center) and 
magnetogram region (right) .............................................................................................................. 65 
36. DOT images of all wavelengths are aligned over the magnetogram-Hα pair ........ 65 
37. The underlying magnetogram in Figure 36. ........................................................................ 65 
38. The endpoints of both red and blue wing images overlaid on an Hα red wing 
image to show the adjacency of the blue and red endpoints. .............................................. 68 
39. Red wing Hα (6563.1 Å) image with endpoints ................................................................. 68 
40. Magnetogram with endpoints of  filament threads seen in the red wing,      
marked with red cross-marks ........................................................................................................... 68 
41. Blue wing Hα (6562.3 Å) image with endpoints ................................................................ 69 
42. Corresponding magnetogram with endpoints marked with blue cross-marks ... 69 
43. Far red wing Hα (6563.4 Å) image endpoints .................................................................... 69 
44. Far blue wing Hα (6562.0 Å) image with endpoints ........................................................ 69 
45. DOT Hα – 0.4 Å image showing the three filaments marked with dotted lines. 
Filament channels corresponding to filaments 1, 2 and 3 are marked. .......................... 73 
46. Image showing the ends of filament 1 ................................................................................... 74 
47. Location where a thread is separating from filament 2 at 1300 UT seen in Hα 
blue wing .................................................................................................................................................... 74 
48. Multiple threads separating ........................................................................................................ 74 
49. The blobs of mass starting to rise ............................................................................................ 75 
x 
 
50. The blobs of mass rising further and flows are seen along the filament            
channel 2 as the filament erupts ...................................................................................................... 75 
51. The blobs of mass in the threads .............................................................................................. 75 
52. The blobs of mass before falling ............................................................................................... 75 
53. Threads of mass appearing to be hovering over filament 3. ........................................ 76 
54. Threads of mass appearing like blobs over the channel of filament 3. .................... 76 
55. The fibrils of filament 3 at the beginning of the observation time (seen in Hα 
center line) ................................................................................................................................................. 76 
56. The fibrils of filament 3 towards the end of observations. ........................................... 76 
57. Red wing image (6563.1 Å) with footpoints of threads that are seen in the 
corresponding blue wing image at that time. The blue wing image with red wing 
footpoints is shown in Figure 58 to compare the positions of footpoints. .................... 78 
58. Blue wing image (6562.3 Å) with footpoints of threads as seen in red wing.    
This and the image in Figure 57 are taken at 12:11 UT. They are shown to depict    
the difference in the positions of the feet that belong to filament threads of    
different wings. ........................................................................................................................................ 78 
59. Cross marks showing the actual location of the footpoints in the red wing     
image at wavelengths 6563.1 Å ........................................................................................................ 78 
60.  Red cross marks showing the actual location of the footpoints in the red        
wing image at 6563.4 Å ........................................................................................................................ 78 
61. Blue cross marks showing the actual location of the footpoints on the blue      
wing images at 6562.3 Å. ..................................................................................................................... 79 
62. Blue cross marks showing the actual location of the footpoints on the blue      
wing images at 6562.0 Å. ..................................................................................................................... 79 
63. The footpoints of the filament threads in Figure 59 and Figure 60 shown on      
the magnetogram image. ..................................................................................................................... 79 
64. The footpoints of the filament threads in Figure 61 and Figure 62 shown on     
the magnetogram image. ..................................................................................................................... 79 
65. The four adjacent cross marks showing the endpoints of filament threads of 




66. The figure shows two of the cross marks in the positive polarity      
corresponding to the endpoints of the filament shown in the next figure            
(Figure 69). The endpoints are seen lying close to the edges of the positive     
polarity. The endpoint near the negative polarity lies slightly outside. ......................... 81 
67. Corresponding Hα image of the filament with endpoints shown in Figure 66.    
The image is in 6562.3 Å taken at 12:08 UT. .............................................................................. 82 
68. Red wing image at 6563.1 Å taken at 12:06 UT shows almost the same       
number of endpoints in both blue and red wings .................................................................... 83 
69. The projection of the footpoints of the filament threads in Figure 68 on the 
magnetogram ............................................................................................................................................ 84 
70. Blue wing counterpart of Figure 68 in 6562.3 Å at 12:06 UT ...................................... 84 
71. Footpoints of the filaments in Figure 65 projected on the magnetogram .............. 85 
72. Footpoints of blue and red wing images consolidated upon one          
magnetogram image. The magnetograms through the time-period of         
observation aligned before consolidating the image. ............................................................. 86 
73. Red wing (6563.4 Å) image at 14:29 UT showing examples of locations of          
the feet ......................................................................................................................................................... 87 
74. Example of the end of filament threads lying in between polarities (top most     
red cross mark) and on the border of positive polarity region (red cross mark           
at the apex of the triangle formed by cross marks) along with the examples for 
endpoints that appear to be over positive polarity. ................................................................ 88 
75. The filament in 6563.1 Å at 15:43 UT corresponding to Figure 74 with      
endpoints shown ..................................................................................................................................... 89 
76. Endpoints of filament 2 on the magnetogram .................................................................... 89 
77. Filament 2 with endpoints taken at 12:13 UT in 6562.3 Å. The image 
corresponds to the magnetogram in Figure 76. ........................................................................ 90 
78. The ends of filament 3 shown on the magnetogram (left) and the red wing     
image of filament 3 taken at 15:42 UT ........................................................................................... 90 
79.  Contrast neat the footpoints seen in 6563.4 Å .................................................................. 92 
80. Contrast near the footpoints seen at 6562.0 Å ................................................................... 92 
81. The distance between adjacent red and blue cross marks corresponding to       
red and blue ends of filament threads is measured. ................................................................ 94 
xii 
 
82. Polarity reversal boundaries for filaments 1 (lower yellow line) and 2 (upper 
yellow line) ................................................................................................................................................ 95 
83. Filaments 1 and 2 in the blue wing 6562.3 Å image at time 13:17 UT appear        
to be discontinuous ................................................................................................................................ 96 
84. Red wing image corresponding to Figure 83 showing continuity in the region 
where the two filaments appear to be disconnected in the blue wing image         
shown in Figure 83 ................................................................................................................................. 97 
85. Discontinuity in the two filaments in blue wing at 13:46 UT....................................... 97 
86. Filaments 1 & 2 appear continuous in the red wing image taken 4 seconds       
later than the previous image............................................................................................................ 97 
87. The two filaments appear continuous at 14:21 UT in the blue wing at            
6562.3 Å ...................................................................................................................................................... 98 
88. The corresponding red wing image of Figure 87 at 6563.1 Å ..................................... 98 
89. The two filaments seen in 6562.3 Å at 14:30 UT ............................................................... 98 
90. The corresponding red wing image in 6563.1 Å ................................................................ 98 
91. The approximate path of the PRB of filament 3 (left) and the filament in       
6562.3 Å and some of the endpoints of filament 3 (right) .................................................... 99 
92. Far red wing image in 6563.4 Å at 12:28 UT ..................................................................... 101 
93. Red wing image in 6563.1 Å corresponding to Figure 92 ........................................... 101 
94. Far blue wing image at 6562.0 Å ............................................................................................ 101 
95. 6562.3 Å corresponding to Figure 94 ................................................................................... 101 
96. Filament ends in 6563.4 Å at 13:39 UT ............................................................................... 102 
97. Filament ends at 6563.1 Å ......................................................................................................... 102 
98. Corresponding blue wing image at 6562.0 Å .................................................................... 102 
99. Blue wing image at 6562.3 Å .................................................................................................... 102 
100. The sequence of images in 6562.0 Å showing the emergence of mass from       
the footpoint (marked with a blue arrow in the first image). The filament      
structure of filament 1 traced by the mass is seen. ................................................................ 104 
xiii 
 
101. The images are in 6563.4 Å. These images correspond to the time            
between 13:46 and 13:50 during which the mass going into the filament ends           
is denser in comparison to the times of the images in Figure set 100. ......................... 105 
102. Image sequence between 12:36 and 12:48 UT at a cadence of 30 sec in       
6563.4 Å H⍺ red wing wavelength. The mass is seen going into the encircled       
region along two discernible threads. In the last seven frames, mass along two 
different threads appear to be going into a point adjacent to the one marked        
with the red circle. This may have been eclipsed by the mass flowing in the    
adjacent threads in the earlier frames. ........................................................................................ 107 
103. Mass motion along filament 3 as seen in 6563.4 Å ...................................................... 110 
104. Illustration of lifting of mass during reconnection of magnetic field in the 
filaments (Priest et al. 1996) ........................................................................................................... 114 
105. Height of eruption with respect to time in the presence of an ambient       
coronal field (red curve) and in the absence of it (black) ................................................... 116 
106. Measurement of the evolution of the height of the erupting filament,         




LIST OF TABLES 
 
Table               Page 
1. The data and the details of the respective details of the data…………………………….53 
2.  Each row in the table explains the steps involved in the aligning the DOT     
























I sincerely acknowledge and thank Mrs. Sara Martin of Helio Research, 
located in southern California, who has helped me immensely in the fruition of this 
work. I thank my thesis committee members for their patience and support. I thank 
the entire faculty in the Space Studies department for their kind support and 
inspiration throughout my time here in the university. I extend thanks to my family, 



















This thesis focuses on identifying the mechanism by which solar filaments acquire 
mass. Some of the speculations for how a filament gets its mass are 1) injection of 
mass from the chromosphere into the filament structure, and 2) condensation of 
mass from the corona into the region of the filament channel. Mass motion at the 
footpoints of the filaments is studied to detect mass entering and leaving the 
filament body. The magnetic properties of the footpoints of the filaments are also 
studied. Recommendations are drawn by comparing observational properties 
obtained in this study with the features used in some of the previously developed 
models.  
The datasets used for this study are high-resolution image sets of centerline 
and Doppler wings of H⍺, obtained using the Dutch Open Telescope (DOT). The data 
were obtained on Oct 30, 2010. The data set contains three filaments in an active 
region in the northern hemisphere of the Sun. The images in each wavelength are 
aligned and made into movies to find the footpoints of the filaments through which 
the mass goes into and comes out of the filaments from and to the chromosphere, 
respectively. The magnetic properties of the footpoints are studied by overlaying 
the magnetogram images with the DOT images by using full-disk H⍺ images for 
matching the features in the two.  
xvii 
 
Of the three filaments, one of the filaments is observed to be stable 
throughout the duration of the observations; another filament erupts after about 
two hours of the beginning of observations; and the third filament is in its early 
stages of formation. The ends of the stable filament are clearly observed whereas 
the ends of the erupting filament and the forming filament are observed clearly 
intermittently during the duration of the observations.  
The animations of the region near the ends of filament 1 reveal definite 
injection and draining of mass via the footpoints into and out of the filament. The 
mass motion into and out of the filaments are observed to be comparable with that 
occurring in chromospheric fibrils. Of the total number of footpoints observed, a 
majority of them appear to be rooted on or on the borders of the majority polarities 


















The Sun is just a star, but its proximity to the Earth gives human race the chance of 
studying a star in detail. Indeed, there is a large number of topics about the Sun, 
which are related to the zones in the interior of the Sun or the layers of the solar 
atmosphere. Figure 1 shows the different parts of the Sun and of the stars similar to 
the Sun.                                                                                                                    
 
Figure 1. A conceptual diagram of the interior and the atmospheric layers of the Sun 
(credit: NASA) 
The characteristics of the chromospheric layer of the solar atmosphere is 
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studied here. An overview of the different features that appear on the chromosphere 
is given in the next section and an analysis of the properties of particular features 
called filaments and prominences, shown in Figure 2, are given in the subsequent 
sections. Filaments and prominences have chromospheric densities but extend 
upward into the much less dense part of the atmosphere called the corona.  
The mechanism of the formation of filament channels, filaments and the 
associated changes in their magnetic fields are important to understand because 
they accompany eruptive solar events which may have varied effects on the Earth’s 
magnetosphere, ionosphere and the atmosphere if they are Earth directed. Eruptive 
solar event consist of concurrent erupting filaments, solar flares and coronal mass 
ejections (CMEs). It is now thought that these three events do not cause each other 
but have a common cause (Martin et al. 2012). 
The Chromosphere 
The word Chromosphere comes from the Greek word Chroma meaning “color”.  It 
was named by the ancient eclipse observers who saw the layer of the Sun, just 
before the totality occurred, that were colored pink (Mullen 2010). Spectral 
observations reveal that the color of the chromosphere is due to a combination of 
the different Balmer emission lines (Mullen 2010). The emission lines from the 
chromosphere are seen momentarily in the visible spectrum of the Sun before 
totality when most of the photospheric light is covered by the Moon except for the 
chromosphere. This is called as the flash spectrum. The strongest lines are seen in 
Hydrogen alpha, beta, gamma and delta at wavelengths 6563, 4861, 4340 and 4102 
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Å, respectively and in Helium at 5876 Å and Calcium Ca II H and K at 3968 and 3934 
Å, respectively (Vernazza et al. 1981, Mullen 2010).  
The chromosphere is about 1500-3000 km thick between the photosphere 
and the transition region (Mullen 2010). The temperature at the bottom of the 
chromosphere is about 4500 K and rises up to 20,000 K at the top (Vernazza et al. 
1981). Figure 2 shows a temperature-height graph depicting the abundant elements 
that are present at a given height and temperature. The hydrogen in the 
chromosphere is mostly neutral at the base and becomes ionized at higher 
elevations. It is partially or fully ionized at transition region heights where the 
temperature shoots up to a million degrees from 20,000 K. Radiative transfer is the 
main mode of energy transport in the chromosphere. Non-local thermodynamic 
equilibrium (NLTE) is considered mostly responsible for the emission from the 
chromosphere (Solanki 2004).  
In the areas of the solar disk dominated by the magnetic fields of active 
regions (Figure 4), images recorded at chromospheric wavelengths like Ca II H & K 
and Hα show long-lived features such as sunspots, plages and filaments. The areas 
of the Sun outside of the active regions are sometimes referred to as the quiet Sun. 
However, this term is relative. The so called quiet chromosphere reveals network 
magnetic fields which are the decaying magnetic fields of active regions. Between 
the network fields are the elongated features called fibrils. The more vertical fibrils 
seen above the limb are commonly known as spicules. Solar flares, eruptive 
filaments and surges are some of the short-lived dynamic features which can be 
seen in Ca II, Hα and He I 10830 Å wavelengths.  
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Chromospheric Features  
Higher resolution images of the chromospheric disk reveals finer features such as 
Hα grains, fibrils, bushes and chromospheric threads (Foukal 1971). The definitions 
for fibrils, bushes and chromospheric threads as mentioned in Foukal (1971) are as 
follows. Fibrils are structures whose one end (densest end) lies at the edges of a 
plage or plagette and the other end is expected to connect to the opposite polarity 
photospheric field. Plages are remains of decayed active regions and regions of 
relatively higher temperature and larger magnetic field than that of the surrounding 
quiet Sun regions (Tandberg-Hanssen 2011). Plagettes are similar to plages but are 
smaller and fainter.  Fibrils can be traced from one end to another and they usually 
lie between two plages or plagettes although such connections are only seen for 
fibrils that are nearly horizontal. Fibrils trace the magnetic field lines of the 
chromosphere. They serve as maps of the horizontal component of the local 
magnetic field, nearly everywhere in the chromosphere (Foukal 1971; Wang & 
Muglach 2007).  
Bushes or dark mottles (unresolved bushes) are absorption regions in the 
chromosphere containing thread like features and lie in areas of low magnetic field. 
They are easy to distinguish from a fibril due to their haphazard orientation. They 
may also be vertically oriented. Fibrils have been referred to as Chromospheric 
threads when they start and end in opposite polarity plages without encountering a 
similar polarity plage on the way. However, this distinction is not commonly made; 
instead the more general term fibril is used. Fibrils are absorption features along the 
full length of their structure.  
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Spicules are rapidly changing fibril like structures in H𝛂, Ca II H and K lines 
and are most clearly seen at the limb of the Sun. They extend up to a few thousand 
kilometers and have a lifetime of about 5-10 min. Material is often seen flowing 
through these spikes at velocities of 20-30 km/s (Mullen 2010). 
Filaments, prominences and plages are common H𝛂 features seen on the 
chromosphere and are illustrated in Figure 3. Filaments and prominences are 
commonly understood as the same features, depending on where they are seen. 
Filaments are called so when seen against the bright solar disc. They are called 
prominences when seen above the solar limb. Figure 4 shows an example of 
filaments, sunspots, fibrils near a sunspot region in the Hα image and the 
chromospheric network in the Ca II H image.  
Filament Channels  
A filament channel is a corridor whose central magnetic field has become 
aligned with a polarity reversal boundary (PRB). PRBs are defined based on the 
opposite polarity magnetic fields on the photosphere (Gaizauskas et al. 1997). In the 
chromosphere of the quiet Sun, a filament channel is usually noticed as a zone of low 
plage-density or as a void in between areas of dispersed plages (Gaizauskas et al. 
1997). Plages typically have a large line-of-sight component of the magnetic field. 
Thus, the appearance of a void in the place of a filament channel is due to the 




Figure 2. Temperature-height graph showing abundances of metals in the Sun with 
respect to height (Vernazza et al. 1981) 
 





Figure 4.An active region showing filaments, sunspots, fibrils, plages in Hα (left) and 
network regions in Ca II H (right). (source: DOT) 
magnetic field (Lin et al. 2005). The local horizontal component of the magnetic field 
is dominant in the filament channels. The terms horizontal and vertical components 
of magnetic field are used when referring to the local magnetic field on the Sun 
whereas the terms line-of-sight and transverse components of magnetic field are 
used to refer to the magnetic field as seen by the observer.  
All filament channels mandatorily include a PRB in the photosphere (seen 
mostly using line-of-sight and vector magnetograms). A filament channel cannot 
exist without a PRB (Martin 1998; Martin et al. 2008). A PRB is a zone in the 
photosphere where the line-of-sight magnetic field is zero. It is typically very 
narrow and is often depicted as a line, hence it is also called as a polarity inversion 
line (PIL) or a neutral line.  An example of a PRB calculated using the SDO PIL 
detection module (Martens et al. 2011) on a photospheric magnetogram of a region 
on the Sun in shown in Figure 5. This is an approximate depiction since the smallest 
features of opposite polarities are not included in the drawing. The PRBs appear like 
lines because the width of the boundaries is less than the spatial resolution of the 
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available magnetograms with which they are often determined. In vector 
magnetograms, transverse magnetic fields are usually seen crossing the region of 
the PRB where the horizontal component is expected to be dominant. The lower the 
resolution of the magnetograms, the greater is the amount of transverse field 
components crossing the PRB (Martin et al. 2008).  
A PRB exists between any and all areas of abutted positive and negative 
polarity magnetic fields from any source that is seen in the line-of-sight 
magnetograms. In high resolution magnetograms, PRBs exist between positive and 
negative magnetic fields whether the source field is an active region, network, 
ephemeral region, intranetwork fields or combinations of these sources. However, 
the filament channels of major filaments are specifically seen between active 
regions or dispersed magnetic fields of active regions known as the network (Wang 
et al. 2005).  
Filament channels may also form in between or bordering active regions, 
within or next to decaying or newly emerging magnetic fields, ephemeral flux 
regions and network and intranetwork fields. In a fully-formed filament channel no 
fibrils cross the PRB and all fibrils become turned to align themselves along the 
dominating field at the PRB; but during the formation of the channel, some fibrils 
called as “bridges”, may cross the PRB although they eventually become aligned 
with the PRB. A fully formed filament channel is a region where the magnetic field of 
the fibrils, forming the structure, is entirely along and parallel to the PRB. Because 
fibrils are always aligned with the local magnetic field (Foukal 1971), they provide 
reliable information that the magnetic field in this region is along the filament 
9 
 
channel and parallel with its PRB. This condition becomes gradually established 
along the PRB within active regions or on the quiet Sun as illustrated in Smith 
(1968), Foukal (1971) and Wang & Muglach (2007). The alignment of the magnetic 
field of the fibrils forming the filament channel is an important and necessary 
condition for a filament to form in the filament channel in the future.  
Filament channel formation is generally associated with cancellation of 
magnetic fields along the PRB (Martin 1990; Martin 1998; Wang & Muglach 2007). 
Because the development of the horizontal fields is concurrent with the cancellation 
of line-of-sight magnetic fields along the PRBs on or close to the photosphere, it has 
been deduced that cancellation is a type of magnetic reconnection and the 
mechanism is one wherein the oppositely directed vertical magnetic fields are 
converted to horizontal magnetic fields (Litvinenko 1999). However, not all the 
vertical components get cancelled but the cancellation results in the domination of a 
local horizontal field (Lin et al. 2005). The fibrils align along this horizontal field.  
The appearance of a filament channel depends upon the wavelength and 
spatial resolution of the data in which they are recorded. Filament channels are seen 
in the images of the core and wings of Hα as paths of organized fibrils (Foukal 1971; 
Martin 1990; Lin et al. 2008). In the wings of Hα a filament channel appears like a 
corridor of aligned fibrils but the region is brighter than the surrounding 
chromosphere where the fibrils appear to be directed irregularly and are relatively 
dark. The fibrils within the filament channels have a very specific pattern. They 
emanate from the plagettes and appear to stream in opposite directions on either 
side of the filament channel. Also, the fibrils nearest to the PRB lie parallel to the 
10 
 
PRB and gradually turn away from the PRB with increasing distance from it. From 
this pattern of fibrils, an overall rotational magnetic field configuration (Martin et al. 
1994; Panasenco et al. 2011) across the filament channel is deduced - the fibrils 
farthest from the channel have the maximum line-of-sight component pointing 
outward in the positive polarity region and pointing into the Sun, or away from the 
observer in the negative polarity side of the channel. There is a smooth transition in 
the direction of the average line-of-sight field from the positive to the negative side 
the filament channel with the field becoming zero at the PRB in the channel. Figure 6 
depicts the concept of rotational configuration. In the figure, the zone of the filament 
channel is the entire region from the +Z to the -Z. This argument also follows for the 
PRB in that the PRB also has a certain width and is not in the form of a line except 
where the opposite polarities are abutted (Lin et al. 2008).  
 
Figure 5. A large and a small active region are shown in the two red boxes. Yellow 





Figure 6. Rotational configuration of the line-of-sight magnetic component across a 
filament channel (Martin, Bilimoria & Tracadas 1994) 
 
Recent observations in the extreme ultraviolet wavelengths have shown that 
filament channels also extend into the corona. Sheeley & Warren (2012) studied 
images in Fe XII 193 Å and Fe XII 195 Å obtained by the Atmospheric Imaging 
Assembly (AIA) instrument onboard the Solar Dynamics Observatory (SDO) satellite 
and observed cell-like structures typical of decaying magnetic fields between 
coronal holes and the newer, stronger fields of active regions. These areas often 
coincide with filament channels seen in Hα on the quiet chromosphere. The coronal 
cells are plume shaped and have a tapering end (Figure 7). They are seen lying 
above the network elements of the photosphere and are not centered over 
underlying supergranular cells. 
Further investigation by Sheeley et al. (2013), showed how these cells follow 
the same patterns as that of the chromospheric fibrils in filament channels seen in 
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Hα. The tails of the coronal cells are parallel to the PRB and directed oppositely on 
either side of the channel, similar to the chromospheric fibrils beneath the coronal 
cells. Further from the PRB, the head of the plumes are more clearly rooted in the 
magnetic elements and the tail points along the direction of the field. It is significant 
that the pattern of the cellular plumes clearly defines the PRB within a filament 
channel.  
Channels can be more easily identified using the extreme ultraviolet (EUV) 
images than using Hα images since the contrast in the EUV images is higher than in 
the images in the wings of Hα. Similar to the rotational magnetic configuration seen 
in the pattern of the fibrils in Figure 6, the plumes most distant from the PRB are 
directed away from (or toward) the PRB and the ones closest to the channel are 
most parallel to the PRB. However, an asymmetry was seen in the amount of 
bending or curving away between the corresponding plumes on either sides of the 
polarity boundary by Su et al. (2012) and Sheeley et al. (2013). The plumes on the 
equator side of the east-west oriented filaments (in the northern hemisphere) 
observed by Su et al. (2012) had a definite curvature pointing away from the PRB 
and the ones on the opposite side were oriented more straight with respect to the 
PRB. Similar curving was seen on the east side of PRBs that were inclined with the 
equator and the ones on the west side of the PRB were aligned more straight (not 
curving away) and perpendicular to the PRB. Su et al. (2010) suggest that the global 
pattern of magnetic fields of the Sun is the responsible factor for this asymmetry. 
And also that increase in the axial flux in the filament channels towards the equator 
may be causing the cells on the equator side of the PRB to curve more than those on 
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the opposite side of the PRB.  
Putting together the observational properties of filament channels in different 
wavelengths, filament channels are found to be a three dimensional space around 
the PRBs extending out from the photosphere into the corona and providing a 
unique and suitable magnetic environment for chromospheric structures called 
filaments and prominences to form.  
  
Figure 7. Coronal cells - plume like structure in the corona seen in 193A. The dark 
region on the right is the coronal hole and a filament channel is seen on the left. 
(Sheeley et al. 2013) 
Property of Chirality in Filament Channels  
Within filament channels, the direction of the fibrils emanating from the plagettes 
and the direction in which they are diverging away from the PRB determines a 
characteristic property called chirality or handedness of the filament channel. When 
seen from the positive polarity side of the PRB, a left handed or sinistral channel 
appears as if the fibrils are emanating towards the left from the plagettes and a right 
handed or dextral channel appears as if its fibrils are emanating towards the right 
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(Martin 1998). Figure 9 shows the chirality pattern for filament channels, filaments 
and arcades. The positive and negative polarities on either sides of a PRB must be 
identified by looking at the corresponding regions in a magnetogram; using this 
information the chirality of the filament channel can be identified by looking at the 
direction towards which the fibrils are emanating within or regions closes to the 
channel relative to the PRB. The rotational magnetic configuration also follows 
similar rules of chirality. The horizontal component of the magnetic field in a dextral 
filament channel has a clockwise rotational configuration going away from the 
center of the filament channel and the sinistral filament has an anti-clockwise 
rotational configuration (Martin et al. 2012). 
 The chirality rules also hold good for the coronal cells. Sinistral cells bend left 
and away from the PRB and dextral cells bend towards the right and away from the 
PRB, when a hypothetical observer is looking from the positive side of the filament 
channel. Closer to the PRB, the plumes are aligned straight, along the boundary and 
the tails appear less bright compared to the heads. 
Filaments 
Filaments are magnetic structures containing cold and dense gas relative to the 
surrounding corona and they appear dark when seen against the disk of the Sun. 
They are long and thin structures lying above the chromosphere, at coronal heights, 
with feet appearing to be rooted in the solar surface. They appear dark against the 
solar disk because the mass in the filaments is cooler (Martin, Bilimoria & Tracadas 
1994). Filaments are commonly seen and studied in several EUV wavelengths, Hα, 
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Ca II H & K and He I 10830 Å.  
The main body of the filament which lies directly above the PRB is called the 
spine. Filaments may have one or more appendages called as barbs that branch 
away from the spine and join the solar surface. They give the filament a barbed-wire 
appearance when seen from above, hence are called barbs. In filaments found in 
quiet regions on the Sun, there are usually two ends for the filaments seen in Hα 
(Mackay et al. 2008). However, the ends of the filaments sometimes are not visible 
or it may have several endpoints or the filament may have a discontinuous spine 
making it appear like it has several endpoints (Anderson & Martin 2005). Also the 
ends of the filaments may not necessarily coincide with the ends of the filament 
channel (Martin et al. 1994).  
With respect to filament feet, most of the filament barbs are thought to be 
anchored between supergranules, which are convection cells in the underlying 
photosphere. The magnetic fields emerging with the supergranules move towards 
their boundaries and then drift along the boundaries (Simon et al. 1988). Oppositely 
directed line-of-sight magnetic fields converge near the boundaries of the 
supergranular cells and cancel, leaving the horizontal field to dominate. The 
convergence and cancellation of the magnetic fields is known to be one of the 
necessary conditions for a PRB and a filament to form (Martin 1998; Grigoryev et al. 
2004; Martin et al. 2008). Observations of formation of active region filaments by 
Grigoryev et al. (2004) suggest that PRBs lie along the boundaries of the 
supergranules and thus the filaments also lie above these boundaries and end at the 
junctions of supergranules.  
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The filament spines seen in high resolution images show thin, multiple strands 
of mass stacked in parallel above the PRB. The threads that make the filament may 
or may not follow the full length of the filament. Filaments appear the thinnest when 
looked directly from above and that is their true width. When they are positioned at 
an angle to the line of sight on the solar disk, they appear wider. Hence, filaments 
can be thought of having the topology of a ribbon (Lin et al. 2008). Also, when seen 
from the side, the body of the filament closest to the chromosphere is observed to be 
brighter and non-smooth than at the top of the filament (Lin et al. 2008).  
Filaments form inside filament channels and along the central region of the 
channel where all the magnetic field is always parallel to the PRB (Lin et al. 2008). 
This means that the filaments form only in fully-formed filament channels (Martin 
1998). Most filaments are composed of fine threads with little or no vertical 
magnetic field component. The horizontal magnetic field dominates along the axis or 
spine of the filament.  
High cadence movies show that the ends of barbs appear to be relatively fixed 
when compared to the neighboring chromospheric structures such as plagettes and 
fibrils over long intervals of time. The footpoints of these barbs appear as spokes of 
higher density compared to the surrounding chromosphere (Martin & Echols 1994). 
The ends of the barbs are often associated with ephemeral regions or small patches 
of strong magnetic field in a quiet solar region (Martin & Echols 1994; Martin et al. 
2008). Some threads of filament barbs can also terminate in supergranular cells 
where there are no ephemeral poles (Engvold 1998). The apparent connection of 
the barbs to the chromosphere or photosphere is important because this may be an 
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indication of the origin of some of the filament mass. The endpoints of the barbs can 
be identified with respect to the photospheric magnetic fields by studying the mass 
motion along the barbs and the filaments (Martin et al. 2008). Barbs are generally 
not present in the filaments that form in active regions where the supergranular 
cells and the intranetwork magnetic fields within them are suppressed. In these 
circumstances, there is a general absence of pockets of opposite polarity and hence 
an absence of barbs (Martin 1998; Pevstov et al. 2003). 
A necessary condition for filaments to stably exist in the solar atmosphere is 
the presence of what are known as overlying arcades (Martin 1998). They are 
magnetic structures in the form of loops that are always found to be present over 
filaments (Martin et al. 2008). There have not been any observations of a major 
filament without an overlying arcade. However, the arcades are often seen even if 
there are no filaments under them. The loops contain very high-temperature solar 
particles that emit strongly in EUV and X-ray wavelengths. Sometimes during solar 
flares, the arcade loops can also be seen in Hα wavelength and they appear to be 
straddling the sides of the PRB (Martin 1989).  
The property of chirality is also seen in arcades. The overlying arcades above a 
dextral filament are left skewed and those over a sinistral filament are right skewed 
(Martin & Echols 1994), as shown in Figure 15. An arcade is left skewed if it is 
obtained by rotating the filament axis in the counterclockwise direction and it is 
right skewed if it is obtained by rotating the filament axis in a clockwise direction 
(Hagino et al. 2007). The angle made by the projection of the coronal loop on the 
solar surface, as shown by dashed line in figure 15 in the 3rd row, with the axis of the 
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filament is defined as the skew angle. The barbs of filaments under left skewed 
loops are also left-bearing and those under right skewed arcades are right-bearing 
(Martin 1998; 2008).  
Using the information of the chirality of the overlying arcades, the chirality of 
the filament channels can be identified (Martin et al. 2008). The chirality of the 
arcades develop due to the differential rotation of the Sun (Wang & Muglach 2007); 
for a typical east-west leading and following polarity pairs in the northern 
hemisphere, the differential rotation causes the arcade to shear such that they 
develop a left handed skew with respect to the PRB. Similarly the opposite is true 
for the arcades in the southern hemisphere.  
Classification of Filaments 
Filaments have been traditionally classified based on their appearance, into active 
and quiescent region filaments. However, there is specific definition that relates to 
the physical properties of filaments other than the intended associations with active 
region or the quiet Sun. Because filaments often occur among regions that may not 
be active regions nor quiet Sun regions, a third category was added to the 
classification, called “intermediate filaments”. However, three categories of 
filaments are often not always enough to classify the filaments because there is 
often confusion in distinguishing between active and intermediate filaments and 
intermediate and quiescent filaments.  
In an attempt to improve the classification of filaments, Mackay et al. (2008) 
improved the classification of filaments based on their region of formation among 
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regions of different magnetic flux densities (classification is shown in Figure 8). 
Those that form in between a positive and negative bipolar region are called 
internal bipolar region (IBR) filaments. External bipolar region (EBR) filaments 
form above the PBR that lies between bipolar regions or between a bipolar and a 
unipolar region. The filaments that lie above the combination of the above two types 
are called internal/ external bipolar region (I/EBR) filaments. The fourth type of 
filaments, called the diffuse bipolar region (DBR) filaments lie in old regions where 
there has been multiple flux emergences. In their study of data collected over an 
eight year period (1977-1984), Mackay et al. (2008) noticed that DBR filaments 
form at high latitudes above the sunspot belt and EBR type filaments were the most 
common among the four types of filaments and IBRs are the least common. They 
suggested that the formation of EBR filaments is related to the number of bipolar 
regions on the sun. 
 
Figure 8. Further classification of filaments based on region of formation (Mackay et 
al. 2008) 
The determining factor in the region where the filament forms is the magnetic 
20 
 
flux density. Active regions filaments form in high flux density regions, quiescent 
filaments in relatively lower density and the intermediate filaments form in regions 
that have an intermediate flux density that is between flux densities of the active 
region and quiescent region. Thus there is a continuum in the appearance of the 
filament structure ranging from those that occur in high flux regions to those that 
occur in low flux regions (Martin et al. 2008). 
Active Region Filaments 
Active region filaments (an example is shown in Figure 9) form in active regions or 
complexes of active regions. Active region filaments are short lived, their lifetimes 
are generally shorter than that of the associated active regions (Labrosse et al. 
2010). They are also lower in altitude than the quiescent filaments (Mackay et al. 
2010). They form in regions of high flux density and hence, evolve quickly over 
intervals of hours to days because active regions evolve rapidly (Grigoryev et al. 
2004; Domínguez 2008). The overlying arcade over the active region filaments are 
generally lower in height and hence the active region filaments tend to form at 
lower heights. Recent development of model by Zhou et al (2013) propose that the 
possible reason for the threads of active region filaments to be longer than those of 
quiescent filament threads (Mackay et al. 2010), also is due to the lower altitude of 
the magnetic dips assuming the normal or inverse polarity dip models (Kippenhahn 
& Schlutter 1957; Kuperus & Raadu 1974). Active region filaments have also been 
called as plage filaments (Priest 1988). Due to their higher flux density they appear 





Quiet region filaments (an example in Figure 10) or quiescent filaments form 
between merged and dispersed opposite polarity regions of previously active 
regions. They were thought to last for weeks to months (Tandberg-Hanssen 2011), 
and were studied often because they were thought to be more stable than filaments 
occurring in the active regions. However, since the availability of continuous 
observations of the Sun by the SOHO (Solar and Heliospheric Observatory) and SDO 
satellites, primarily at the 304 Å, it is now commonly known that quiescent 
filaments erupt and re-form in the same filament channels. Therefore, in the 
datasets of low cadence, such as one to a few images per day, there has been the 
false impression that quiescent filaments often survived a full rotation of the Sun. 
Since quiescent filaments form in areas of low magnetic field density, they often take 
a longer time to erupt than the filaments in the active regions but there are many 
exceptions to this trend. From observing daily movies of filaments using the SDO 






Figure 9. Two filaments seen in a plage 
region (Source: DOT 10/05/2010) 
Figure 10. A filament in the quiet region 
on the Sun  (Source: DOT 10/30/2010) 
    
Intermediate Filaments 
Intermediate filaments (an example is shown in Figure 11) frequently form between 
activity complexes, on the borders of active regions, in between or on the borders of 
decaying active regions. They are also called boundary filaments since they are often 
found at the boundaries of active regions with one end lying in one of the flux 
polarities. The other end may lie in the quiet region or sometimes does not appear 
to be rooted in the Sun because the density of the filament threads may be less than 
that required to be visible and thus the end point may appear to be lying in the 
corona (Mackay et al. 1998). As shown in Anderson & Martin (2005), sometimes 
only some sections of a long filament are visible in Hα, yet, a continuous structure is 
visible when seen in the 304 Å wavelength (Figure 13). Therefore, true endpoints of 
the filament may not be necessarily found in Hα wavelength. This is also true for 
quiescent filaments. A polar crown filament with discontinuous spine is shown in 
Figure 12. The spine of the filament does not necessarily have distinct endpoints 
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other than the endpoints of its barbs. Alternatively such a filament can have 
numerous endpoints if the spine is not continuous. The filament studied by 
Anderson & Martin (2005) has multiple endpoints in Hα although a continuous 





 Figure 11. Intermediate filament (DOT)      Figure 12. Polar crown filament (BBSO) 
 
  
Figure 13. The region of the prominence above the limb is visible in the 304 Å image 
(left bottom corner) compared to the Hα image in the other three images (image in 
the upper right corner is the closest in time to the 304 Å image) 
Polar-crown Filaments 
Polar crown filaments are a subset of quiescent filaments that occur at very high 
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latitudes in either of the hemispheres (an example is shown in Figure 12). They 
form in high latitudes where there is usually not large-scale emergence of magnetic 
flux. They may form at polar locations or may migrate polewards from lower 
latitudes as quiescent filaments (Priest 1988). Rust (1967) suggested that direction 
of magnetic field of the prominences in the north polar crown are directed towards 
the east and those in the southern hemisphere, towards the west. These directions 
reverse in each hemisphere, in the succeeding solar cycle (Rust 1967). 
The magnetic flux density in the filament channels of polar crown and 
intermediate filaments is less than that found in active region filament channels. The 
intermediate and quiescent channels are wider than the active region channels 
(Martin, Bilimoria & Tracadas 1994). With respect to the rotational magnetic 
configuration of channels, the change in the direction of the magnetic field occurs in 
a much smaller volume in active region filaments than in the quiescent or 
intermediate ones. 
Normal and Inverse Prominences 
Another early classification which attempts to identify the significance of filament 
structures in relation to their magnetic fields is the normal and inverse filaments/ 
prominences. The apparent direction of the magnetic field across a filament is same 
as that of the polarity of the overlying coronal magnetic field component in normal 
prominences and the opposite in the inverse prominences (Priest 1989). Initially 
they were called as the Kippenhaun & Shluter (K-S) and Kuper & Raadu (K-R) type 
prominences as theirs were the initial models that incorporated the normal and 
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inverse type magnetic topology to explain the support mechanism of prominences. 
The normal-prominence models are generally called potential-like models and the 
inverse-prominence models are called non-potential-like models (Hirayama 1985). 
For example, the magnetic field in the right-skewed arcade structure in Figure 15 is 
pointing upwards whereas the field along the filament is towards the left and 
accordingly the field along the barbs will be downwards which is opposite to that of 
the arcade magnetic field (Martin 1998). Statistical investigations have shown that 
inverse prominences are more common than the normal prominences (Leroy 1989; 
Bommier & Leroy 1998). The few normal prominences that have been observed are 
near active regions having a potential arcade field. Polar-crown and quiescent 
prominences commonly are seen having the inverse configuration (Priest 1989). 
However, Martin et al. (1994) explained the inverse component of magnetic field 
due to that within the threads of barbs rather than in the spine.  
The Property of Chirality in Filaments 
Similar to filament channels, filaments also follow the rules of handedness or 
chirality. They are classified as dextral and sinistral filaments based on their 
handedness. When seen from the positive polarity side of the PRB of a filament, the 
barbs of a dextral (sinistral) filament appear to direct towards the right (left) of the 
filament. Also, when looking at a filament from above, barbs appear to bend towards 
the right (left) in a dextral (sinistral) filament. Accordingly they were initially called 
right-bearing and left-bearing filaments (Martin, Bilimoria & Tracadas 1994). In the 
right (left) bearing filament channel region, the fibrils behave in a similar fashion - 
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they diverge towards the right (left) of the PRB when seen from the positive polarity 
side of the PRB. Figure 14 shown below, effectively depicts the general appearance 
of filaments in the chromosphere, seen in the Hα wavelength. It also shows 
filaments having both kinds of chirality.  
Knowing the chirality of the filament or the filament channel and the 
polarities on either side of the PRB, the direction of the magnetic field along the 
filament/ filament channel can be determined (Martin et al. 2008). The 
determination of the direction of magnetic field along the PRB was an unresolved 
problem for a long time, known as the 180  ambiguity problem, since the direction 
of the horizontal magnetic field could be along the PRB in one direction or the 
opposite (Martin et al. 2008). There are several theoretical methods to resolve this 
problem (Metcalf 1994). However, the simplest method to resolve the ambiguity is 
by observing the chirality and knowing the polarities on the opposite sides of the 
PRB as suggested by Martin et al. (2008). The direction of the magnetic field along 
the PRB or the filament is determined by taking the direction of orientation of fibrils 
or barbs of a filament. If the barb is sinistral as seen from the positive side of the 
PRB, for example, in the filament in the 2nd row of Figure 15, the direction of the 
magnetic field would be from right to the left side. When seen a dextral filament 
from a similar position, the magnetic field of the body of the field would go from left 
to the right. If we draw an arrow along this field, the arrow head would point 
towards the right for a dextral filament and left for a sinistral filament.  
 A majority of the filaments in the northern hemisphere are dextral in nature 
and those that are in the southern hemisphere are sinistral (Martin et al. 1994; 
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Pevstov et al. 2003; Mackay & Gaizauskas 2003). This phenomenon is known as the 
hemispheric pattern (Mackay & van Ballegooijen 2005; Martens et al. 2013).  The 
magnetic fields associated with east-west oriented polar-crown filaments changes 
direction with alternating solar cycles, but the dextrality and sinistrality remain the 
same in the respective hemispheres during all solar cycles. The reason for this is 
attributed to the differential rotation of the Sun (Mackay & Gaizauskas 2003), 
because irrespective of the sign of the leading and following polarities, a filament 
that is almost oriented north-south initially, is subjected to an elongation in the 
northern hemisphere that stretches the surface such that the arcades above a 
filament tilt towards the left and those in the southern hemisphere tilt towards the 
right giving rise to the left-skewed and right-skewed arcades respectively (Mackay 
& Gaizauskas 2003). A similar explanation holds good for the formation of dextral 
and sinistral filaments in the north and south hemispheres, respectively.  
However, there are exceptions to the hemispheric rule. In a study conducted by 
Martin et al. (1994), 34 out of 47 (72 %) of the filaments observed in the southern 
hemisphere had their barbs sinistrally oriented and all 26 filaments seen in the 
northern hemisphere had the dextral orientation. This illustrates that there are 
exceptions to the hemispheric pattern of chirality. Also, in filaments present 
between active regions, both dextral and sinistral filaments are seen irrespective of 
which hemisphere the filaments are in.  
Active region filaments do not always follow the hemispheric pattern because 
they often form among clusters of magnetic bipoles where there is cancellation of 




Figure 14. A region on the Sun with 
dextral and sinistral filaments 
Figure 15. Definitions for Chirality 
(Martin 1998) 
 to form quickly and the effect of magnetic reconnection due to cancellation 
dominates over the differential rotation. For a similar reason, barbs rarely form in 
active region filaments; but if they form, they can be either dextral or sinistral 
irrespective of the hemisphere in which they form. Figure 14 shows two filaments 
with barbs that have dextral and sinistral chiralities. This may be due to the lack of a 
continuous spine which may make the occasional appearance which look like barbs. 
In such situations, looking at a high resolution image to see how the threads orient 
with respect to the PRB will be useful in finding the chirality (Martin et al. 2008).  
Another property of filaments or filament channels is that when two filaments 
or filaments channels of similar chirality are closely situated, they can merge with 
each other and form longer filaments. The ends of the new filament channel may lie 
in between two plagettes or inside of them, in the network, or near sunspots (Martin 
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et al. 1994; Grigoryev et al. 2004). Oppositely handed filaments do not merge but 
bend away from one another upon encountering each other, forming a cusp. An 
example of opposite chirality filaments is shown in Figure 16. 
 
Figure 16. The image shows a dextral filament on the left and sinistral filament on 
the right, both having oppositely directed axial magnetic field, hence forming a cusp 
at one end of the filament (Martin, Bilimoria & Tracadas, 1994) 
A statistical study conducted by Lim & Chae (2009) shows that the chirality 
of filaments is related to the sign of the helicity of the active regions that the 
filaments are associated with. In their study 93% of the filaments had the same 
chirality as the helicity of their respective active regions. Helicity is the twist and 
writhe (coiling) about the axis of the magnetic fields, and is a function of the square 
of the total magnetic flux (Helicity). Negative helicity is often associated with dextral 
filaments in the northern hemisphere and positive helicity with sinistral filaments in 
the southern hemisphere (Mackay & Gaizauskas 2003; Lim & Chae 2009). Mackay 
and Gaizauskas (2003) also proposed that twisting of the magnetic lines (helicity) 
may be one of the necessary conditions that would lead to the formation of a 
filament. Their models showed an increased magnetic field in the filament channels 
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and filaments when helicity was induced. 
Prominences 
Filaments, when viewed against the dark background of the space adjacent to the 
solar limb appear irregular and finely structured collections of material suspended 
in the corona and attached to the surface of the Sun by the feet. They are cool and 
dense concentrations of gas in the million-degree. In Hα, prominences can be readily 
seen in long exposure images of the limb (Martin S. F. 1998). Prominences are also 
seen in He II 304 Å and a few other EUV emission lines, He I 10830, He I D3 (5876 
Å), Ca II H and K lines and also radio emissions at 2, 3, 6 and 20 and 21 cm 
(Gopalswamy et al. 1991).  
The 304 Å and other EUV emission images have been obtained in the past from 
outer space missions like the Skylab (Winding, Feldman & Bhatia 1986) and 
presently by satellites like Hinode (Erdelyi & Taroyan 2008), SOHO (Slemzin et al. 
2005), SDO etc. In the He II 304 Å line, the prominences appear as bright structures 
against the dark background of the sky (Labrosse et al. 2009). They appear bright 
also on the disk, compared to the surrounding regions on the Sun. Filaments on the 
disk tend to appear darker in 10830 Å and lighter in 304 Å images (Harvey & 
Sheeley 1977). The SDO images of 304 Å also show the same property. In the He I 
10830 Å, dense areas like active regions, filaments and plages appear to be dark and 
less dense regions like the coronal holes appear brighter. The He I 10830 Å line is 
one of the wavelengths, other than the Hα and Ca II lines, that are commonly used 
for conducting ground observations of filaments and prominences (Zhang & 
31 
 
Engvold 1991). The observations and analysis of filaments in this line is straight 
forward because the chromosphere emits or absorbs very weakly and filaments 
absorb and prominences emit strongly in this line. It is thus considered to be less 
complicated than analyzing the images of Ca II H and K and Hα lines (Zhang & 
Engvold 1991) since it is easier to distinguish the features in He I line images. Radio 
images of the Sun show high signal to noise ratio for active regions and plages which 
are against the disk. Whereas for filaments a depression is seen surrounding them 
which is usually attributed to the presence of the coronal cavity around the 
filaments (Gopalswamy et al. 1991). Signals from the prominences in radio 
wavelengths is very weak making it difficult to study their characteristics 
(Gopalswamy et al. 1991).  
Prominences are sometimes surrounded by an irregular dark region called as 
the cavity. The cavities exist at coronal heights above the coronal cells. The electron 
density in the cavities is low (Waldemeir 1941) and they are at coronal 
temperatures (Schmit & Gibson 2013). The heliographic position and the size of the 
prominence determine if the cavity can be seen or not. The cavities are enclosed by 
concentric arches that increases in height and narrows in width as one goes 
outward into space (also known as streamers), forming a helmet like structure 
(Waldemeier 1970). Coronal voids exist above the cavity and arches running 
adjacent and parallel to the coronal streamers. Figure 17 shows the structure of a 
helmet and the prominence.  
The side view of the filaments is an advantage because the properties of the 
magnetic field and mass motion in the cavity region can be studied, which is usually 
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invisible when the filament is on the disk. The direction of magnetic fields is 
horizontal along the filament axis and the direction of magnetic field of the overlying 
arcade is almost perpendicular to the field of the filament. The cavity region is 
thought to have a magnetic field that is gradually rotating from being along the 
filament at the bottom of the cavity (or just above the filament) to being along the 
magnetic field of the arcade at the top of the cavity (or just below the arcade), 
forming a continuity in between the two structures (Panasenco et al. 2013). A 
statistical study of cavities by Schmit & Gibson (2013) also attempts to show that 
the cavity region and the prominence are magnetically and energetically linked.  
Schmit & Gibson (2013) analyzed cavities of several prominences using SDO 
AIA images in the EUV wavelength range. They found structures resembling horns 
extending from the bottom of the cavity into the corona emitting brightly in the 171 
Å and 193 Å wavelengths. Observations of over 45 of such prominences in their 
statistical study showed that the horns are tightly collimated and project into the 
cavity region. The structural changes of the horns are minimal and hence Schmit & 
Gibson (2013) speculate that these are magnetic structures along which thermal 
conduction may be dominating. It is also suggested that the horns may indicate a 
non-axial field above the prominence and hence a twist may be present in the 





Figure 17. Structure of prominence in the 
corona (Webb & Zirin 1981). 
Figure 18. Coronal cloud prominence                                            
(www.lafterhall.com/solar_prominence
_photography.html) 
        
Classification of Prominences 
Prominences appear in varied shapes against the dark background of space. Hence, 
early classification, based on shapes and behavior of the prominences, is broader 
than the classification of filaments seen on the disk. The behavior of the 
prominences and their physical properties such as height, are more discernible 
when seen above the limb. Early classifications that date back to Secchi in 1884 
were based on the observations of shapes of the prominences. Classifications by 
Pettit (1910) included eruptive prominences, sunspot prominences and tornados in 
addition to active and quiescent prominences. Eruptive prominences were 
ascending prominences with uniform velocity or sometimes with sudden increase in 
velocity. Sunspot prominences were those that were found near sunspots shaped 
like “water in a fountain” or loops (Tandberg-Hanssen 2011). De Jager (1959) had 
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classified prominences into two classes, class I included what were called normal 
prominences that occur at low and medium latitudes and polar prominences that 
occur at high latitudes. And class II prominences included active, eruptive, spot 
prominences, surges and spicules. Zirin (1966) classified prominences based on 
their relation to solar flares - those that are short lived and highly active: sprays, 
surges, loops and coronal rain; long lived and quiet: polar cap filaments and sunspot 
zone filaments; and intermediate filaments that included the ascending 
prominences and sunspot filaments (Tandberg-Hanssen 2011).  
 Surges are prominences that shoot out of active regions up to velocities of 
several hundred kilometers per second. They trace a columnar trajectory and 
appear to fall back in the same path. They go up to heights of several hundred 
thousands of kilometers. Sprays shoot out of flare regions and the mass often 
escapes the surface. Their velocities are greater than the escape velocity of the Sun. 
Loop prominences are loop structures with their feet in or near sunspots and mainly 
occurring during major eruptive events and are known as flare loops. Material is 
often seen to stream down the legs of these loops. Coronal rain has downward flows 
similar to loop prominences but a definitive structure is absent (Tandberg-Hanssen 
1974). Coronal-cloud prominences (Figure 18) are mass suspended irregularly in 
the corona and the mass is often seen streaming down from the clouds into nearby 
active regions along curved trajectories. They may last for more than a day and are 
seen at heights of tens of thousands of kilometers. 
The main types of classifications that are used popularly today are active 
region prominences and quiescent prominences. These are classified based on their 
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site of occurrence. Active region prominences are found amidst active regions and 
quiescent prominences are found in the quiet Sun regions. Unlike the classification 
of filaments, where an intermediate filament is easily distinguished from a quiescent 
filament, it is difficult to distinguish between the two when the filament is at the 
limb and disk data are not available.  
A large quiescent prominence is usually 60-500 Mega meters (Mm) long, 10-
100 Mm in height and 4-15 Mm in width, and has a density of 1016-1017 m3. It 
measures about 5000-8000 K in temperature. The magnetic field strength of 
quiescent prominences ranges between 5-40 G and is directed along the length of 
the prominence mostly horizontally (Priest et al. 1996).  
Active region prominences are most often found at low latitudes due to the 
frequent occurrence of active regions at low latitudes. They are shorter than 
quiescent prominences in height, smaller and their field strengths measure up to 
100 G. The prominences may extend several solar radii into the solar corona. In a 
study by Gilbert et al. (2000), 60 filaments on the limb which were categorized into 
active and eruptive prominences had an average maximum height of 1.16 r0 for 
active prominences and 1.45 r0 for eruptive prominences (r0 = 695,500 km, the 
radius of the Sun).   
Hedgerow and tornado-like prominences are some of the other prominences 
that are often studied. Hedgerow prominences (Figure 19) are quiescent 
prominences that appear to be vertically striated due to the presence of barbs; the 
barbs in these prominences are more massive than their spines. The barbs consist of 
upward and downward flowing threads. Berger et al. (2008) observed bright 
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structures that showed down-flow streams and dark inclusions that showed up-flow 
streams. The cause for the upflows and downflows is unknown. The velocities 
observed in the downflows were observed to be much less than the free-fall 
velocity. How the vertical threads are related to magnetic field in the prominence 
and what supports the mass against the gravity in these threads is also unknown 
(Mackay et al. 2010). Tornado-like prominences (Figure 20) are the active or 
quiescent prominences that resemble terrestrial tornadoes in their shape or mass 
motion (Panasenco et al. 2013). They often appear in groups and measure about 
5000-22000 km in width and 25000 – 100,000 km in height (Panasenco, Martin & 
Velli 2013).  
  
Figure 19. A hedgerow prominence 
(credit: NSO/AURA/NSF) 
Figure 20. A tornado-like prominence            
(credit: Helio Research) 
 
Filament Footpoints and Mass flow properties 
Observations of footpoints or endpoints of filaments and mass motion along the 
filament body have been most often studied together. Both spectroscopic 
observations and full-disk images have been used to study these properties. The 
term “footpoint” has been used to refer to the end points of both filaments and the 
overlying arcade loop structures (Martin 1989; Lin et al. 2005; Joshi et al. 2013). 
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Mass motion refers to the movement of material along the filament threads seen in 
high resolution movies of filaments and prominences. There are also other type of 
motions observed along the body of the filament, that have been identified as 
oscillatory motions. Oscillatory motion is commonly observed along and in 
horizontal directions in the filament threads (Ning et al. 2009; Yi & Engvold 1991; Yi 
et al. 1991).  
The ends of barbs are also commonly included in the study of footpoints of 
filaments. Studies indicate that the barbs end at or close to small opposite polarity 
regions also called as parasitic polarity (Aulanier et al. 1998) or minority pockets 
(Martin 1998) present on either side of the PRB. The minority polarity pockets 
occur among the dominant polarities of the region. A majority of minority pockets 
originate from intranetwork magnetic fields which are opposite in polarity from 
that of the network field within the filament channel. Barbs are thought to form as a 
result of magnetic reconnection of the magnetic field of the filament threads with 
opposite polarity magnetic fields represented by the pockets of minority polarity 
(Lin et al. 2008). Minority polarity pockets may also be created due to the 
emergence of ephemeral regions. Tthere are varied and seemingly contradictory 
observations related to the end points of the barbs. Joshi et al. (2013) and van 
Ballegooijen (2004) studied barbs that appeared to end in between network 
elements and Chae et al. (2005) observed barbs that terminated over minority-
polarity inversion lines.   
 Photospheric/ chromospheric network are regions of high magnetic flux. Lin 
et al. (2005) used Ca II H and G-band images of the network and Hα images of six 
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quiescent filaments to relate the position of the barbs of each filament with respect 
to the network boundaries. They found 65% percent of the barb endpoints lying 
within the network boundaries and 35% of them lying inside the network cells.  
 Wang (2001) studied filaments in He II 304 Å in relation to magnetogram 
using MDI (Michelson Doppler Imager) magnetogram data from SOHO. Although the 
resolution of MDI magnetograms is 5” which is low, he located the ends of barbs of 
quiescent filaments in regions where opposite polarity flux elements which were in 
close contact. One of these flux elements was of minority polarity and the other was 
of the opposite polarity which was also the majority polarity in that region. A 
majority polarity region is where there is a dominant positive or negative polarity 
magnetic flux elements and the minority polarity are the smaller opposite polarity 
magnetic flux elements found among the majority polarity fluxes. Wang (2001) also 
saw the formation of one of the barbs and observed that the barb does not form 
until a minority flux element has collided with a flux region of the opposite polarity. 
He suggests that the barb is a result of the cancellation of magnetic flux and the 
mass motion is a result of that cancellation which is thought to generate field 
aligned mass flows (Wang 2001 & references therein).  
Earlier work by Schmieder et al. (1991) also had suggested that filament 
footpoints may be the local sites where filaments get fed with the plasma. In their 
study, during a cadence of 15 minutes, velocity field variations were observed at the 
footpoints of a filament in the form of changes in the intensity. Since there were no 
other significant changes during the observed period of time, these variations were 
thought to be due to upward and downward motions of material indicating motion 
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into and out of the filaments, from and into the chromosphere, respectively. 
Crowding of fibrils near the footpoints of the filaments were commonly observed in 
their study and hence the reason that these regions might be where the mass 
exchange might be occurring.  
Joshi et al. (2013) observed a rapidly forming and disappearing barb of a 
quiescent filament. The barb was observed to form within eleven minutes and the 
activation of the filament was seen just before it disappeared. The blue-shifted line-
of-sight velocity was observed to be 15 km/s during the activation. The velocity of 
the mass flow in the red wing, before the barb began to form, was recorded to be 11 
km/s. In their data, the barb formed on the side of the PRB where positive polarity 
was dominant. During the formation of the barb, a decrease in the positive flux was 
noticed; an increase in the negative flux was noticed after the barb finished forming. 
Thus, it can be thought that the end of the barbs lies in the opposite or minority 
polarity region, as was predicted previously (Martin 1998). However, Joshi et al. 
(2013) concluded that it was difficult to identify the polarity of the barb-end due to 
the lack of high resolution magnetograms. 
Schmieder et al. (1985) studied a filament in Hα and C-IV (154.9 nm) 
wavelengths and identified the properties of foot points and recorded the velocities 
of mass motion along the filaments. The foot points of the filaments appeared less 
dark in the Hα images and narrowed down as if being squeezed in between the 
faculae near the feet. They found that the filament was not continuous but was made 
of three segments each of which darkened at different times suggesting that each 
segment had its own footpoints. The Dopplergram images of the footpoints of each 
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segment showed redshift indicating down-flow of mass at the footpoints. And the 
mass appeared to be blue-shifted (flowing upwards) in between the footpoints, that 
is, along the body and this appeared dark. In both C-IV and Hα wavelengths, mass 
motion seemed to be slowly moving upwards at the rate of 1-2 km/s as measured in 
the Hα and 5-10 km/s in C-IV, and a downward velocity near the footpoints, of 5-10 
km/s. The measured magnetic field at the footpoints was also noticed to be higher 
than that along the filament body.  
Cao et al. (2010) observed filament footpoints near a plage region. Their 
measurement of the velocity of dark up-flows along the filament starting from a 
footpoint seemed to correlate with the amplitude of the intensity oscillations that 
occurred at the foot-points. Thus, points of brightening/ darkening on the 
chromosphere provide clues to identify the position of the footpoints. Another 
popular way of identifying the footpoints of the filaments is by studying the 
displacement of endpoints of the magnetic lines which often move due to convective 
motions in the photosphere (Malherbe & Priest 1983). 
Mass motion in filaments and prominences generally consists of blobs of mass 
moving along the threads that make the main body of the filament and its barbs. 
Apart from motion along the body of the filaments, sometimes the filaments 
themselves oscillate. This oscillatory motion of the body of the filament is attributed 
to local perturbations in the photosphere and chromosphere due also to flares and 
sub-flares.  
The filaments are made of thin strands of material of diameter less than 300 
km (Dunn 1966; Tandberg-Hanssen 2011). Lin et al. (2005) used images from the 
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Swedish Solar Telescope (SST) which has a diffraction limit of 0.14” in Hα 
wavelength, to study the widths of thin fibrils that make the filament. The filament 
threads were measured to be 0.3” on an average; the widths ranged from 0.2 - 0.6”. 
The finest resolved thread in their data set measured 0.16”. Hα movies of 
prominences showed mass motions along these strands. The strands are aligned 
along the horizontal magnetic field of the filament and mass motion is generally 
observed in both directions when seen in the center line of Hα. However, the motion 
along both directions does not occur in the same strand, but adjacent strands which 
are laid very close to each other. Such type of motion is known as counter-streaming 
motions (Zirker et al. 1998).  
Observations of counter-streaming motion has become possible and relatively 
common due to the acquisition of high resolution images; counter-streaming can be 
observed more often but only if the spatial resolution, wavelengths and orientation 
of the spine or barbs of a filament are oriented favorably for seeing the length of the 
threads. Zirker et al. (1998) found consistent counter-streaming motions or motion 
in interleaved threads everywhere within the spine and barbs in their study of a 
quiescent filament. In the red and blue wing images of the images of the same 
filament, mass motions were seen to occur in only one particular direction in each 
wing. Subsequent studies have confirmed that counter-streaming is dominant in all 
filament structures. The velocity measurements of knots of mass along the filament 
threads observed by Zirker et al. (1998) were found to be between 5 and 20 km/s. 
They also demonstrated that the overall shape of the filament remains almost the 
same when seen in the red and blue wing images, although the threads in each wing 
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are different, implying that the threads in the filament with mass moving in opposite 
directions are interleaved very close together. Lin et al. (2005) used the term 
“magnetic string” for the filament threads that “contain” the cool dense material that 
continuously stream in and out of these structures. The length of these strings are 
usually estimated by tracing the mass going along the strings, but the density of the 
material might vary along the length of the string. This makes it difficult to trace the 
mass along the full length of the string and thus to measure the entire length. Their 
measurements of the length of threads were found to range between 5 and 20”.  
Filament threads are highly dynamic; the mass flow in them is continuous and 
they may become longer or shorter due to reconnection. Apart from this, they may 
move and change positions relative to each other. Lin et al. (2005) measured the 
velocity of moving threads using the time-slice diagram technique and found the 
transverse motions to be 2-3 km/s. The plane of sky velocities of the mass or blobs 
in the filament threads are measured using what is called a “time slice diagram” or 
“stack plot” (Lin et al. 2003) or time-distance plots (Alexander et al. 2013). Thin 
slices, of the image showing the feature that is to be measured, are cut along the 
direction of motion of the feature and are placed adjacent to one another along the 
time axis. In such a diagram, the velocity of a feature is the slope. In other words, the 
inclination of the track in this type of plot of distance versus time is a direct measure 
of the transverse velocity or the plane of sky velocity of the feature. The true 
velocity of the mass motion can be determined using Doppler images of known 
wavelengths which gives the approximate line of sight velocity. The velocity (V) in 
the wings, away from the Hα centerline wavelength, varies approximately as V = 44 
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km/s/Angstrom. This Doppler velocity can be combined with the transverse 
velocity to obtain the true velocity of the feature. 
Counter-streaming motions are otherwise called as “anti-parallel flows” by 
Alexander et al. (2013) which were also observed in EUV wavelengths at high 
resolution by the Hi-C (High resolution Coronal Imager) mission. The Hi-C imager 
has about four times more resolution than the SDO/ AIA imagers (Cirtain et al. 
2013). In the filament studied by Alexander et al. (2013), the mass flow in most 
filament threads that composed the filament were observed to be directed towards 
the west; only some of them towards the east. Mass flow was observed to be in 
different directions in different parts of the filament, although they were all along 
the PRB of the filament. The reason for the difference in the directions of the mass 
flow is considered to be due to the presence of multiple footpoints. Also, the rate at 
which magnetic reconnection occurs at each of these footpoints is different which 
also might affect the direction of the mass flows. They consider the possibility of the 
chromospheric mass being injected into the filament threads due to heating at the 
footpoints during the magnetic reconnection, as the process of populating the 
filament. They emphasize that the magnetic field in the filament is parallel to the 
solar disk and are thus not helical in nature. They measured the width of the EUV 
filament threads using the intensity profile of the same and found it to be close to 
0.8”. The velocity along the threads, both up and down-flows, were found to be 
ranging between 70 and 85 km/s; the velocities are higher in the EUV wavelength 
compared to the Hα wavelength because the mass is hotter and is less dense.  
The study of footpoints of filaments and how mass gets into the filaments are 
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the main topics of the research described herein. Most of the footpoint studies that 
have been done are using quiescent filaments. An active region containing three 
filaments is studied in this thesis to understand the behavior of the footpoints on the 
photosphere. The properties of the endpoints of the filaments from the 
observational analysis in this thesis will be compared to the previously observed 
properties of barbs. Mass motion at the footpoints will be observed to see if the 
footpoints act as sources and sinks for the filaments to acquire mass. There have 
been many studies conducted to find the mechanism by which filaments and 
prominences acquire mass. There are two widely studied mechanisms - mass 
injection into the filaments from the photosphere or chromosphere and 
condensation of coronal mass.  
Chae et al. (2000) observed the injection of mass into an active region filament 
in the blue wing of Hα. They observed an S-shaped filament to be actively changing 
shape, which was thought to be because of mass motion, changes in its magnetic 
topology or the topology of its environment. The average velocity along the filament 
threads in their filament was found to be 4.4 km/s using the Local Correlation 
Tracking (LCT) technique (November & Simon 1988), commonly used in assessing 
photospheric velocities. The motion of the mass tracked using LCT revealed that the 
threads along which the mass was moving, merged into the filament and the velocity 
vectors in the filament revealed the same velocities as that seen before they merged; 
thus the mass is understood to being “injected” into the main axis of the filament 
structure. The velocity vectors align exactly with the mass along the filament 
threads which indicate that the direction of the magnetic field is along the direction 
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of flow of the mass. Converging magnetic fields were found on the photosphere at 
the source from where the mass appears before and during the time when the mass 
flow into the filament is observed. This supported the conclusion that cancelling 
magnetic fields are required for filaments to form (Martin 1990; 1998; 2008; van 
Ballegooijen & Martens 1989), and from their observations of the Hα mass moving 
upwards at the location where reconnection was observed, Chae et al. (2000) 
concluded that the mass is being injected into the filament due to the reconnection 
in the magnetic fields; and also that the reconnection occurs at a level of the 
chromosphere because the mass is seen moving upwards along the filament 
threads.  
The other explanation for the cool mass in the filaments and prominences is 
the trapping of the coronal mass in the filament channel after the condensation of 
coronal mass. The volume of the coronal cavity around a filament was once thought 
to have enough mass to form a filament (Engvold 1989) but more recent 
observations and calculations have shown that a greater coronal volume would be 
required (Reference). Earlier eclipse observations and calculations done by Saito & 
Tandberg-Hanssen (1974) predicted that the mass in addition to that in the coronal 
cavity and below the arcades of a prominence is required for forming a prominence. 
Satio & Tandberg-Hanssen (1974) concluded that if the prominence lies in a 
structure that has an overlying arcade and cavity, such a system cannot form a 
prominence via condensation of mass. However, there have been observations of 
prominences being formed through apparent condensation of coronal mass, most of 
them immediately after a solar flare. Liu et al. (2012) observed the formation of a 
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prominence after an eruption at the limb, using the SDO-AIA 171 Å images to study 
the coronal loops and AIA 304 Å to observe the cooler prominence material in the 
region. The 171 Å loops were compared prior to and post eruption. The loops 
disappeared during the eruption and the new loops that reappeared in the same 
region had depressions at the bottom. Shortly after the appearance of the new loops, 
AIA 304 Å images showed mass at the location of the depression. Tracking of the 
emission from different wavelengths revealed that the mass in the region gradually 
cooled from 1.6x106 K which is the temperature specific to 193 Å to 7.9 x 104 K 
which is the temperature specific to 304 Å. The blobs of mass first appeared in the 
lowest loops, it is speculated that this occurred since the lower loops are more 
stretched and also possibly more magnetically sheared.  
In this thesis, a set of chromospheric images in Hα and the wings of Hα 
obtained using the Dutch Open Telescope will be used to study filaments in a small 
active region on the Sun. The Dutch Open Telescope images are sufficiently high-
resolution that can be used to see clear activity regarding the mass motion in 
filaments. The Doppler data will be used for identifying oppositely moving mass and 
the footpoints of the filaments. Identifying the emergence and disappearance of 
mass from the endpoints of the filaments and studying the magnetic properties of 
the endpoints with respect to their positions on the photosphere is the main goal of 
this study. The data used in the thesis is described in Chapter 2, the methodology is 
given in the Chapter 3. Chapter 4 discusses the results of the study. Chapter 5 briefly 




The following section gives the details about the types of images used in this project. 
In addition to the images obtained using the Dutch Open Telescope, line-of-sight 
magnetograms obtained using the SDO space telescope and Hα full disk images 
obtained using the GONG network of solar telescopes are used in the data reduction 
process. An account on the features of the data and the instruments used to obtain 
them is given below. A summary of the types and details of the data used in the 
project are also given in Table 1.  
Dutch Open Telescope Hα Data 
The Dutch Open Telescope (DOT) has a 45 cm water cooled parabolic primary 
mirror, situated on the top of a 50-meter high tower at La Palma (Figures 21 and 22) 
in the Canary Islands. Unlike conventional solar telescopes, which require 
evacuation in order to reduce internal reflections, DOT is open and is flushed by the 
trade winds which naturally reduce convection currents around the mirror. This 
means that the Fried parameter, which determines the quality of seeing for a place, 
is very low (r0  10 cm) for the DOT resulting in high quality images (Rutten 2001).  
The DOT has a multi-wavelength imaging system with six CCD (Charge-
Coupled Device) cameras (Figure 23) that capture images in the G-band, blue 
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continuum, Ca II H, Hα, red continuum and Ba II wavelengths. The Hα camera is a 
Redlake ES4020 CCD with 2048 x 2048 pixels with a pixel size of 7.4 µm. The images 
are 2 x 2 binned. The resolution of the camera is 0.11”. Hα images are used in 
mapping low-lying loops that may be otherwise seen in the EUV wavelengths in the 
corona and the footpoints of these loops that are seen usually in hot X-ray 
wavelengths using space based observatories (Rutten et al. 2001). The small field of 
view of the DOT is also useful to observe the properties of filaments, footpoints of 
filaments and Hα mottles and fibrils.  
The Hα filter is a tunable Lyot filter made by Zeiss, operating at 6562.8 Å and 
has a linewidth of 0.25 Å. It can be tuned between 6562.0 and 6563.6 Å. In the data 
set used in this project, the data are obtained at the Hα centerline (6562.8 Å), Hα +/- 
0.4 Å and Hα +/-0.7 Å. DOT Hα data is also available in the far wing of Hα +/- 1 Å but 
are not used in this thesis. The images are taken every 30 seconds starting from the 
centerline and into the blue wing and then into the red wing. The field of view of the 
Hα images is 113” x 113”. Also, the data were dark subtracted and flat fielded.  
In the current project, the region of interest is a small active region 
containing three filaments. The data were obtained by Sara Martin and team from 
the Dutch Open Telescope in the Canary Islands, Spain. The archived data can be 
obtained through the http://dotdb.strw.leidenuniv.nl/search/ URL. 
The angular width of the Sun for Oct 30, 2010 is 32.2’. Taking the diameter of 
the Sun and calculating the number of kilometers for one arcsecond, we get 1 arcsec 
= 732 km. Accordingly, 113” represents 81,360 km approximately. The DOT data are 
chosen for the project because of the high resolution which makes it easier to study 
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the filament properties and identify the location of the footpoints.  
 
  
Figure 21. The Dutch Open Telescope (DOT) with the 
canopy opened (Rutten et al. 2001) 
Figure 22. DOT over    
the 150m tower 
 
     
 
Figure 23. The main components of the Dutch Open Telescope (Rutten et al. 2001) 
Magnetograms 
Magnetograms of the Sun are images that show the strength and location of 
magnetic fields on the Sun. Line-of-Sight magnetograms are commonly used for 
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finding the magnetic field strength in the line-of-sight of the observer, that is, 
coming out of or going into the Sun. Figure 24 shows an example of a magnetogram. 
In the figure, grey areas indicate the ambient magnetic field, black and white areas 
show line-of-sight magnetic fields that are pointed towards the center of the Sun 
(southward) and those that point away from the center or towards the observer 
(northward), respectively. Tiny black and white spots are seen when the magnetic 
fields are smaller, usually during solar minimum when there aren’t large sunspots. 
Vector magnetograms are another category of magnetograms which give the 
direction and strength of the magnetic fields on the Sun but it usually requires 
multi-level processing to create vector magnetograms (Liu et al. 2012).  
 
Figure 24. An example of the magnetogram of the Sun. The black and white regions 
show the negative and positive polarity network regions respectively. (Image 
courtesy: NASA/ SDO/ HMI). 
 
The magnetogram shown in Figure 21 is obtained using an instrument called the 
Helioseismic and Magnetic Imager (HMI) on board the Solar Dynamics Observatory 
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(SDO). The HMI instrument measures Doppler shift, line-of-sight magnetic field, 
intensity and vector magnetic field at the solar photosphere by imaging the Sun at 6173 
A (Fe I absorption line). The HMI instrument contains an HMI Optics Package (HOP) 
with a 14 cm refracting telescope. The effective focal length of the telescope system is 
495.3 cm with a focal ratio of f/35.42 and the image size of 46.1 mm. It has a diffraction 
limit of 0.91”. The whole schematic of the instrument is shown in Figure 25.  
There are two identical CCDs, front and side cameras, mounted on to the HMI optics 
package for redundancy. The CCDs are front illuminated E2V array of 4096 x 4096 with 
pixel scale of 0.5”.  The front camera is used to obtain the line-of-sight and the 
dopplergram images. The side camera is mainly used for obtaining the vector 
magnetograms. An exposure of 150 ms is usually used for imaging the Sun using the 
HMI. The front camera takes images at six different wavelengths, in the bandwidth 
range of 76 mÅ near the Fe I line, in two polarization states - left and right circular 
polarizations. The whole series takes 45 seconds to complete hence cadence of the 
magnetogram images is 45 seconds.  
The HMI magnetogram is available for download in grey and colored forms in 4096 
x 4096, 2048 x 2048, 1024 x 1024 and 512 x 512 resolutions in jpg format. However, 
the images in jpg format are not available at the regular cadence of 45 seconds. The HMI 
magnetogram, dopplergram and intensitygram in the jpg format are available on the 
http://sdo.gfsc.nasa.gov website. The line-of-sight magnetograms and other images in 
the fits format can be found on the http://jsoc.stanford.edu or using the Virtual Solar 
Observatory site (http://sdac.virtualsolar.org). 
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Full Disk Hα Images 
The full disk Hα images were obtained through the GONG (Global Oscillation Network 
Group) network. The GONG network is formed using solar telescopes located in six 
locations around the world. The data come from stable and velocity-sensitive imagers 
located at Big Bear Solar Observatory (BBSO) in California, Cerro Tololo Inter-American 
Observatory in Chile, Udaipur Solar Observatory in India, Mauna Loa Solar Observatory 
in Hawaii, Learmonth Observatory in Australia and Teide Observatory in the Canary 
Islands. They are used to obtain continuous observations of the Sun, mainly to study the 
5-minute oscillations. They also produce full-disk Hα images, magnetogram images, 
velocity and intensity maps and synoptic maps of the magnetograms and images that 
can be used for understanding helioseismology. 
The full disk Hα images obtained via GONG are 2048 x 2048 in size at a cadence of 
30 seconds. There are two sets of images 30 seconds apart, one of them is suffixed with 
a ‘Ch’ and the other one with a ‘Th’. Throughout the data set, the images with the suffix 
‘Th’ were blur, hence only the images with the suffix ‘Ch’ were used. These images are 1 
minute apart from each other. The Hα data is available in jpg preview and fits formats. 
The fits files for the selected date range can be obtained by placing a request on the 
http://gong2.nso.edu/archive/ webpage. The data are made available to download 















Resolution No of 
Images 
Hα DOT 113 x 113” 30 0.11” 646 
Hα     DOT 113 x 113” 30 0.11” 646 
Hα     DOT 113 x 113” 30 0.11” 540 
Magnetogram SDO/ HMI 32.2 x 32.2’ 45 0.5”  
Hα GONG 32.2 x 32.2’ 60   
Table 1. The data and the details of the respective details of the data. 
CHAPTER 3 
METHODOLOGY AND DATA REDUCTION 
 
Mass motion along the filaments in a small active region located at the coordinates, 
W28N37, on the Sun; on Oct 30 2010, are studied using high resolution DOT images 
recorded in the core and wings of the H⍺ spectral line at the wavelength 6562.8 Å in 
order to locate the footpoints of the filaments. The movies made using the images of 
the wings of H⍺ are used to look for the points where mass appears to be injected 
into the filament structure and returned to the chromosphere. In order to accurately 
determine the positions of the footpoints, the features in the H⍺ chromosphere like 
the plages must overlay exactly with the corresponding features seen in the 
magnetograms. In order to accomplish this, we establish a procedure that requires 
an intermediate step of aligning full disk H⍺ images with the magnetograms before 
the DOT images can be aligned with the magnetogram images.  
It is commonly known that the photospheric limb is visible in H⍺ images as 
well as the more irregular chromospheric limb. Figure 26 illustrates the 
chromospheric layer at the limb of the Sun. The outer edge seen in the figure is an 
artifact. The inner wispy edge is the chromospheric limb and the boundary of the 
photospheric limb can be seen below the chromospheric limb. The photospheric 
limb is rendered visible due to the side bands of the H⍺ filter that leak a small
55 
 
amount of the continuum into the H⍺ images. If these sidebands are blocked during 
the manufacturing of the H⍺ filter, the image contrast would be higher and the 
photospheric limb would not be seen. Being able to see the photospheric limb in the 
GONG H⍺ images is helpful because one can then precisely adjust the size of the full 
disk H⍺ images to match the photospheric limb in the magnetograms.  
Data Processing - Animation 
The data processing is a three stage process - selecting the good frames, aligning 
them and making the movies. Each of these steps is explained below:  
i. Selecting the good frames 
The DOT data set consists of H⍺ center line (6562.7 Å) and three 
wavelengths each in the red and blue wings. They are 6561.7, 6562.0, 
6562.3, 6563.1, 6563.4, 6563.7 Angstroms. The images far in the wing, 
6561.7 Å and 6563.7 Å, are not used since there are fewer and more 
rapidly changing features seen in them and the auto-alignment program 
used in making the movies of the images resulted in a high level of jitter. 
The Hα center line and H⍺   0.4 Å images are 646 in number each and 
the rest are 540 each. There are four data gaps of about ten minutes each 
during the six hours of the observing session due to pausing the telescope 
for making the dark and flat calibrations. 
Good frames are selected based on the sharpness of the visual 
features such as the filaments and fibrils. Images that seemed too out of 
focus or smudged are removed. The images that were removed are 
replaced by the better of the two of its adjacent images to maintain the 
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cadence of the images which are used for velocity measurements in the 
movies. In some situations more than two images in a row are bad. For 
example, if three images in a row are bad, the first and the third images 
are replaced with the previous and subsequent images respectively and 
the second of the three images is kept to maintain the appearance of a 
steady cadence in the movies.  
ii. Aligning the DOT images 
Helioviewer, a tool developed at the Helio Research, Inc. using IDL, is 
used for aligning the images of one wavelength at a time to be made into a 
movie. The tool takes fits files as input.  A function called “Align All” is 
used for aligning the images. The operator selects an area containing high 
contrast features that the function can use for aligning the images. The 
data gaps during the observations cause the set of images after the data 
gap to “jump” spatially with respect to the previous set when a movie is 
made. The Helioviewer tool has another functionality called “Shift All” 
used to correct the jump between the sets of images. The shift-all function 
allows the operator to manually align the frames across the time gap and 
then to shift all of the successive images to eliminate the jump in the 
alignment. A “Select All” function also has a similar functionality. It selects 
the images below a manually selected image and moves all of them 
according to how the selected image is moved. This functionality can be 
used to manually align the features with the previous image and the rest 
of the images are also aligned similarly. Once aligned, the images must be 
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saved. They can be saved as fits, tiff, png or jpeg; however, the 
Helioviewer program can only read fits files, therefore in practice the 
processed images are saved in fits format to avoid repeating the 
alignment tasks. They are also saved in tiff format in order to make the 
movies.  
iii. Making the movies 
The aligned images are made into movies using the GIMP (GNU image 
manipulator program) tool. The contrast in the images are adjusted to 
more readily see the details of the solar features. The frames are played 
using the Animation feature in GIMP and are saved as an FLC file. The FLC 
file format uses minimum compression to save as much information 
thereby minimizing the loss of detail in the movies, which is the case if it 
is saved in mpeg and mp4 formats.  
The movies of the DOT high resolution images are used to select those 
frames that show mass coming out of or going into the chromosphere at 
the ends of the filament or the fibrils. These selected frames are then 
aligned with the corresponding full-disk H⍺ and magnetogram images to 
pinpoint the ends of the filaments with respect to the corresponding 
features in the magnetogram.  
In order to objectively and accurately find the ends of the filaments 
and the corresponding magnetic features on the magnetograms, there are 
several steps to be followed, they are as given in Table 2 in the following 
section. The first column gives the step number. The second column 
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describes the procedure and the third column briefly explains the reason 
for each step. The last column refers to figures that illustrate the point in 
the respective steps.  
Data Processing - Registration of DOT Images with the HMI Magnetograms 
The SDO/ HMI magnetograms are corrected for the position angle or p-angle 
(orientation of the solar rotational axis as seen from Earth) such that the solar 
rotational axis is exactly parallel to the vertical edge of the rectangular boundary 
around the magnetograms. The H⍺ images are also rotated to correct for the 
position angle so that north is at the top of the image. Although the H⍺ images did 
not have to be rotated by the whole p-angle for that day, which is 24 degrees, a small 
correction of about 4  deg was found to be necessary to align the H⍺ features with 
the corresponding magnetic field features in the magnetograms. 
# Procedure Explanation Fig 
1 Scale H⍺ full disk image size 
from 2048 x 2048 pixels to 4096 
x 4096 pixels 
To match the centers of full disk 
and magnetogram images when 
overlaid so that any alterations, like 
scaling or rotation, to the images 
occurs with respect to the center of 
the overlaid images.  
 
2 Using GIMP, overlay the 
magnetogram and the full-disk 
H⍺ images and reduce the 
magnetogram image size such 
that its limb matches exactly 
with the photospheric limb in 
the H⍺ image. The final 
magnetogram image size was 
found to be 3824 x 3824 pixels.  
The dimension of the pixel of the 
magnetogram image is larger than 
that of the full disk H⍺ image. 
Hence the magnetogram is bigger 
than the H⍺ image. This step 
reduces the size of the disk in the 
magnetogram so that the limb 
overlays exactly with the 
photospheric limb in the H⍺ image. 
 
3 Adjust the H⍺ image only in east-
west and north-south directions 
This step ensures the photospheric 




such that its observable 
photospheric limb coincides 
with the magnetogram limb. 
exactly which is necessary to make 
any further alignment between the 
images.  
4 Rotate the H⍺ image until widely 
separated but corresponding 
features in the magnetogram and 
H⍺ images have the best match. 
Three features used in this step 
are shown in Figure 27.  
This step is used for correcting for 
the position angle. The objective is 
to make certain that the solar 
rotational axes in the two images 
coincide as precisely as possible.  
27 
5 Because of the unknown amount 
of error in the corrected position 
angle in the H⍺ image, steps 3 
and 4 are performed using the 
trial and error method. The 
angle by which the image has to 
be rotated is obtained by 
choosing an angle and then 
seeing if the features in the two 
images match accurately when 
rotated.  
For the images of Oct 30, 2010, the 
H⍺ images were found to need a 
rotation of 4  to exactly match the 
features. Three regions different 
from the region of interest are used 
to test the accuracy of the 
positioning of the images. The 
locations of these three regions are 
also shown in the full disk image in 




6 Crop the overlaid image pair to 
the exact diameter of the Sun. 
This step makes it easier to obtain 
the exact number of pixels, in a 
future step, that corresponds to the 
image scale of the DOT images. 
31 
7 The W28N37 seen region in the 
DOT images is cropped out of the 
overlaid image pair.  
A grid is drawn that divides the 
cropped image obtained in step 6 
such that 113” x 113”, which is the 
field of view of the DOT images, can 
be obtained by selecting 209 x 209 
pixels around the region of interest.  
31, 
32 
8 The cropped pair of overlaid 
images from step 4 is scaled to 
match the image size of the DOT 
images which is 1026 x 1026.  
  
9 The DOT image obtained close to 
the timestamp on the 
magnetogram and full-disk 
images is overlaid onto the 




10 The DOT image is rotated by 24 
deg.  
To correct for the position angle.  34 
11 The DOT image is manually 
moved to match the features in 
the underlying H⍺ image. 
Since the H⍺ full-disk image 
overlays exactly with the 
magnetogram image, this step 
objectively best ensures that the 
DOT image is correctly positioned 
with respect to the magnetogram 
without subjectively guessing at the 
correspondence of the features in 
each image.  
35 
12 The full disk image can then be 
removed or placed at the bottom 
of the stack of the aligned images 
and the required DOT image is 
checked to find the association 
with any feature with respect to 
the magnetic features in the 
magnetogram.  
Thus, the positions of the filament 
footpoints relative to the magnetic 
features are objectively determined 
without further adjustment.  
36, 
37 
Table 2.  Each row in the table lists and explains the steps involved in the aligning 
the DOT images with the magnetograms in order to find the filament endpoints 
 
Figure 26. A section of the overlaid Hα full-disk and magnetogram image showing 
the chromospheric and photospheric limbs. The innermost curve is the boundary of 
the photosphere. The edge of the chromosphere is seen next; it is wispy and lacks a 
distinct boundary like that of the photosphere. The outermost curvature is an 





Figure 27. The Hα full disk image is corrected for the position angle by rotating the 
image by 4  with respect to the magnetogram. The position angle for the day is 24  
but the Hα required 4  of rotation. The regions in the squares are used for accurate 




Figure 28. One of the features on the full disk used for aligning the Hα images with 
the magnetogram The magnetogram is colored so that overlay (last image in the 
row) can be identified to be correct 
 
Figure 29. The second feature used for aligning the full disk Hα and magnetogram 
images 
   





Figure 31. The cropped Hα and magnetogram overlay (step 6) is shown with the 




Figure 32. The region of interest is cropped out of the magnetogram and Hα image 






Figure 33. DOT image is overlaid on the Hα magnetogram pair (the column on the 
left shows the layers of the DOT image, Hα and the magnetogram) 
 
 
Figure 34. The overlaid DOT image is corrected for the position angle of 24 degrees 
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Figure 35. The DOT image (left) and the corresponding full-disk Hα region (center) 
and magnetogram region (right) 
 
Figure 36. DOT images of all wavelengths are aligned over the magnetogram-Hα 
pair 
 
Figure 37. The underlying magnetogram in Figure 36. 
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Data Processing – Marking the Filament Footpoints  
Once all the H⍺ blue and red wing images are overlaid onto the H⍺ full disk and 
magnetogram pair, the endpoints in the blue wing images, if visible, are marked 
upon a transparent “New Layer” on the layers of images in GIMP. Another new layer 
is added to mark the endpoints of the filaments seen in the red wing images. In most 
of the red and blue image pairs, these two positions are different but not too far 
away from each other.  
 Those images that indicate emergence of mass from the ends of filament 
threads (seen in the blue wing images) are selected for further processing. Similarly 
those images that appear to have mass going into the ends of the filament threads 
(mostly seen in the redwing images) are also selected for additional processing. 
These images are overlaid with the GONG full-disk H⍺ and magnetogram image-pair 
that have been cropped and scaled to match the region and image scale of the DOT 
images.  
First, the centerline (6562.7 Å) image is overlaid on the magnetogram-H⍺ 
pair, the position angle is adjusted by rotating the image by 24 degrees (position 
angle for the day), and then the blue and red wing images are aligned. Two new 
layers are added to mark the positions of the end points. One layer is used for 
marking the endpoints of the filament in the blue wing with blue cross marks and 
the other layer is used for marking the endpoints of the filament in the red wing 
with red cross marks. The Hα +/- 0.4 Å blue and red wing images are compared with 
the frames in the movie by playing the movie in order to ascertain the position of 
the endpoints. Hα +/- 0.4 Å images are used since they have better contrast than the 
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Hα +/- 0.7 Å images. The Hα +/- 0.7 Å images can then be looked at for the dark 
thread-like absorption feature going into or emerging, respectively, from the 
surface. Not all images show the endpoints of all the three filaments clearly. 
However, those endpoints that are visible are marked. The following example shows 
the endpoints of only the first filament (numbered 1 in Figure 45). Multiple 
endpoints are generally seen in the filaments as in the following example. The 
endpoints are marked in each of the red and blue wing images. Figure 38 shows the 
layers of all the wavelengths stacked above the magnetogram-H⍺ pair in the GIMP 
tool. The figure shows cross marks both in blue and red. The image itself is a red 
wing image at wavelength 6563.1 Å taken at 12:11 UT. Figures 39-44 show the 
individual images in the layers-stack seen in Figure 38 with the magnetogram 
showing the cross marks colored respective to the wing.  
All the images in the data set starting from 11:45 to 17:30 UT were carefully 
looked at to determine the filament endpoints. Not all of the blue and red wing 
images show the endpoints of the filaments. Some of them are masked by other 
threads making it unsure where the endpoint lies, and sometimes the images are 
blurred in comparison with their counterpart red/blue wing image. Out of an 
average of 600 images in each wavelength, only those images were selected that 
have mass coming out of or going into the footpoints of the filaments. In total, there 
were thirty-nine such images which were used in the image processing and stacking 





Figure 38. The endpoints of both red and blue wing images overlaid on an Hα red 
wing image to show the adjacency of the blue and red endpoints. 
 
  
Figure 39. Red wing Hα (6563.1 Å) 
image with endpoints 
Figure 40. Magnetogram with endpoints 
of  filament threads seen in the red wing, 
marked with red cross-marks 
 




Figure 41. Blue wing Hα (6562.3 Å) 
image with endpoints 
Figure 42. Corresponding magnetogram 
with endpoints marked with blue cross-
marks 
   
 
  
Figure 43. Far red wing Hα (6563.4 Å) 
image  endpoints 
Figure 44. Far blue wing Hα (6562.0 Å) 
image with endpoints 
 
      
CHAPTER 4 
RESULTS & INTERPRETATIONS 
 
The region of interest is a small active region located at the heliographic coordinates 
N37W28. It has three filaments and are labeled as 1, 2 and 3 in Figures 45a and 45b. 
Figure 45b shows the filament channels of filament 1, 2 and 3 seen in Hα blue wing 
and are numbered accordingly. These two figures are used for indicating the 
nomenclature for the filaments and will be referred to as Figure 45 in the rest of the 
document. The structure of one of these filaments is stable throughout the six hours 
of the data. The second filament erupts during the middle of the observing period. 
The third filament is a filament in the proc ess of formation, which does not finish 
forming during the time period of the data set. The features specific around these 
three regions are described in detail below:  
1) Stable filament - The filament in the center (numbered as 1) in Figure 45, 
maintains its shape throughout the six hours. The filament seems to have a single 
footpoint on the negative polarity (marked as 2 in Figure 46) and multiple end 
points going into the positive polarity (marked as 1 in Figure 46). The multiple ends 
belong to different filament threads. The movie of the center line H⍺ images show 
that the mass is going towards the negative polarity region when looking at the 
endpoint on the negative side, but when looking at the fibrils near the positive plage, 
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the mass appears to be moving towards the positive side. Thus there is definite 
counter-streaming mass motion occurring in the filament. The fibrils appear to be 
joining the filament from the left of the PRB of filament 1 making it a sinistral 
filament.  
 There are plages on either sides of filament 1. Intermittent brightening of the 
plages are seen around 14:10 and 14:45 UT. Continuous brightening of the plage on 
the north side (or the negative side of the PRB) of the filament is seen between 
15:45 and 16:50 UT. The time of the plage brightening partly coincides with the 
eruption of filament 2.  
2) Erupting filament - The filament (numbered 2 in Figure 45) is an erupting 
filament. The movie sequence begins at 11:45 UT and at around 13:00 UT, a filament 
thread separates from the main body of the filament (Figure 48) and disappears. 
There is no definite clue as to whether the mass in the thread drains down onto the 
solar surface or is “evaporated”, since a few images during the sequence are of poor 
quality and is difficult to follow the mass in the thread. However, the main body of 
the filament starts to erupt at around 14:41 and goes on until 16:16 UT. The 
eruption is seen clearly in the centerline Hα. Initially, a few filament threads 
separate from the main body (Figure 49). Activations along the filament body are 
seen thereafter and disconnecting and reconnecting of the threads are seen during 
the pre-eruptive activation. The filament body then separates into blobs of mass 
(Figures 50 & 51) and rises (Figure 52). The filament threads are seen ascending 
towards the west of filament 2. Some of the blobs are seen to fall back (Figures 53 & 
54), however, it is not seen to be draining into the chromosphere but appears to be 
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suspended in the region above the filament channel of the third filament for a while 
before disappearing along the third filament channel (the filament forming region). 
In the red wing movie of Hα+0.4 Å, the separating threads seen in the centerline 
movie are not seen, however, the mass hovering to the east of and over the region of 
the filament channel of filament 3 is clearly seen. In comparison, the blue wing 
movie at Hα-0.4 Å shows the separating threads but only a part of the mass hovering 
over the region of filament 3.    
3) Filament forming region - When carefully observed, the threads of mass that 
make the third filament (numbered 3 in Figure 45) appear to be flowing along the 
corresponding filament channel since the beginning of the movie (starting at 11:45 
UT as shown in Figure 55). However, until almost 14:00 UT the region is partially 
outside the field of view. Towards the end of the movie the filament is seen as dark 
patches of coalescing threads that are continuously changing (Figure 56). The 
filament threads near the south end of filament 3 originate a few arcseconds away 
from the end point of the first filament near the negative polarity. The fibrils around 
the filament branch off towards the left at an acute angle relative to the PRB and 
when measured from the PRB towards the left. Thus this filament has a sinistral 
chirality. The northern end of the filament appears to be turning leftwards. Since the 
filament 1 and filament 2 are dextral and filament 3 is sinistral, the former filaments 
cannot merge with the latter. The chirality of all the filaments with illustrations is 




Figure 45a. DOT centerline Hα image showing the three filaments marked with 
dotted lines. The filament 1 is a stable filament, filament 2 is an eruptive filament 
and filament 3 is a filament in formation. 
 
Figure 45b. DOT Hα – 0.4 Å image showing the three filaments marked with dotted 








Figure 47. Location where a thread is 
separating from filament 2 at 1300 UT 
seen in Hα blue wing 
Figure 48. Multiple threads separating 
 




Figure 49. The blobs of mass starting to 
rise 
Figure 50. The blobs of mass rising 
further and flows are seen along the 
filament channel 2 as the filament erupts 
 
   
  
Figure 51. The blobs of mass in the 
threads 
Figure 52. The blobs of mass before 
falling 
 
       
   





Figure 53. Threads of mass appearing to 
be hovering over filament 3. 
Figure 54. Threads of mass appearing 
like blobs over the channel of filament 3. 
 





Figure 55. The fibrils of filament 3 at the 
beginning of the observation time (seen 
in Hα center line) 
Figure 56. The fibrils of filament 3 
towards the end of observations. 
 




The Determination of Footpoints of the Filaments 
The endpoints or footpoints are marked by looking for the changes in density or 
darkness towards the ends of the filaments in the Hα and the wing images. The 
positions of the apparent endpoints of the filament threads in the blue and red wing 
images are observed to be different but mostly adjacent to each other. The time 
difference between the red wing (6563.1 Å) and blue wing (6562.3 Å) images are 4 
seconds. However the time difference between the far red wing (6563.4 Å) and 
6563.1 Å is 11 seconds. This is still not a significant amount of time to see change in 
position of the footpoints from one red wing image to the other or from one blue 
wing image to a red wing image. This is a confirmation to the true adjacency of the 
blue and red footpoints. Figure 57 is a red wing image of wavelength 6563.1 Å with 
the endpoints of the blue wing image overlaid. Figure 58 is a blue wing image at the 
wavelength 6562.3 Å overlaid with the layer containing the red cross-marks 
showing the endpoints of the red wing filament threads. The images 59-62 show the 
blue and red colored cross-marks for the images of the blue and red wings 
respectively. In Figure 57 and Figure 58, the footpoints of the filament threads 
appear adjacent to the cross marks. Figures 59-62 can be compared with Figure 57 
and Figure 58 to see the difference in the positions of the footpoints. Figure 63 and 




Figure 57. Red wing image (6563.1 Å) 
with footpoints of threads that are seen 
in the corresponding blue wing image at 
that time. The blue wing image with red 
wing footpoints is shown in Figure 58 to 
compare the positions of footpoints.  
Figure 58. Blue wing image (6562.3 Å) 
with footpoints of threads as seen in red 
wing. This and the image in Figure 57 
are taken at 12:11 UT. They are shown to 
depict the difference in the positions of 
the feet that belong to filament threads 
of different wings. 
    
  
Figure 59. Cross marks showing the 
actual location of the footpoints in the 
red wing image at wavelengths 6563.1 Å 
Figure 60.  Red cross marks showing the 
actual location of the footpoints in the 
red wing image at 6563.4 Å 
 




Figure 61. Blue cross marks showing the 
actual location of the footpoints on the 
blue wing images at 6562.3 Å. 
Figure 62. Blue cross marks showing the 
actual location of the footpoints on the 
blue wing images at 6562.0 Å. 
   
  
Figure 63. The footpoints of the filament 
threads in Figure 59 and Figure 60 
shown on the magnetogram image. 
Figure 64. The footpoints of the filament 
threads in Figure 61 and Figure 62 
shown on the magnetogram image. 
The endpoints of the filament threads that make the filament are not fixed in 
one position at any time during the duration of the movie. The positions 
continuously change between one image to the next. The changes are more obvious 
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when seeing each image individually and comparing to the other images than when 
seeing the movie of the filaments. The changes or shifts in the endpoints of the 
filament threads are not significantly large and would most likely not be noticeable 
in low resolution images. 
In several images the threads forming the filaments have several endpoints 
rather than all the filament threads merging into one single point. In Figure 65 
shown below, the four red cross marks appearing adjacent to each other are the 
endpoints of the threads that join the filament 1. Similarly an endpoint of one of the 
threads that is along the filament 3, which is in the process of formation, is seen 
towards the right in Figure 65. The endpoints of the filament threads forming 
filament 3 are not definite, mainly due to a low contrast in comparison with that 
near the ends of the other filaments in the field of view.  
 
Figure 65. The four adjacent cross marks showing the endpoints of filament threads 
of filament 1 (seen at 6563.1 Å) 
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Projection of Filament Feet on the Magnetograms 
The marked endpoints of the filaments or the threads that make the filament in each 
image in the set of images that were picked for processing are shown relative to the 
magnetic features and polarities on the magnetogram to see how they relate with 
the magnetic elements. The endpoints of the filaments or filament threads seem to 
occur near or on certain regions. They are most often seem to be lying in the 
positive (white) and negative (black) polarity regions of the active region, on the 
borders of positive and negative polarities and also in between the positive polarity 
complexes, negative polarity complexes and combinations of positive and negative 
complexes. An example is shown in Figure 66 and the corresponding filament 
structure in the chromosphere is shown in Figure 67. The feet of the filaments near 
the positive polarity side lie close to the edges of the positive polarity. There is a 
small minority polarity region next to one of the cross marks (the one shown below 
on the white polarity), but the foot does not appear to be lying in this minority 
polarity area, but is adjacent to it.  
 
Figure 66. The figure shows two of the cross marks in the positive polarity 
corresponding to the endpoints of the filament shown in the next figure (Figure 69). 
The endpoints are seen lying close to the edges of the positive polarity. The 




Figure 67. Corresponding Hα image of the filament with endpoints shown in Figure 
66. The image is in 6562.3 Å taken at 12:08 UT. 
The endpoints of the filament threads may or may not be seen in both red and blue 
wing images. When the endpoints of the filaments are seen in a red wing image (or 
blue wing image), the endpoints in a blue wing image (or a red wing image) may not 
be seen sometimes due to overlapping of the chromospheric fibrils or other filament 
threads which are in the line of sight. Or the blue (red) wing image corresponding to 
the red (blue) wing image during that time may lack the clarity to see the endpoints. 
Hence, there are several images that are marked for the endpoints of filament 
threads seen in the red wing images and none or a few seen in the blue wing images, 
or vice versa.  
Figure 68 shows the red and blue cross marks on the filament 1. This is one 
of the images that nearly show the same number of endpoints in each wing. The 
image is a red wing (6563.1 Å) image; hence the red cross-marks in the image show 
the true endpoints of the filament threads. The endpoints of the filament threads in 
Figure 68 show that the blue wing endpoints are situated at slightly different 
positions than those in the red wing. The filament threads of the red wing image lies 
83 
 
on the border of the positive polarity region and the blue wing endpoints slightly 
outside of it. The distance between the endpoints of blue and red wing threads are 
measured and given in the next section. 
 
Figure 68. Red wing image at 6563.1 Å taken at 12:06 UT shows almost the same 
number of endpoints in both blue and red wings 
The magnetogram corresponding to Figure 68 is shown below in Figure 69. The 
endpoints of the filament threads seen in the red wing magnetogram lie on the 
border of the positive polarity region. In Figure 69, there is a minority polarity 
(negative) region in between the two red crosses on the positive polarity area. 
However, the position of the endpoints does not appear to be going into the 
minority polarity region. Figure 70 shows the counterpart of Figure 69 in the blue 
wing (6562.3 Å) and the blue cross marks show the true endpoints of the filament 
threads as seen in the blue wing.  
 Similar to this example, the magnetogram in Figure 71 corresponds to the 
filament image shown in Figure 65 with a series of adjacent footpoints. This 
magnetogram shows that there is only one distinguishable footpoint that is visible 
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in the corresponding blue wing image. However, upon noticing the location of the 
cross marks, one out of the four adjacent feet appear to lie on the positive polarity. 
The remainder of the cross marks, including the blue ones, all lie near the edges of 
the positive and negative polarities, respectively.   
 
Figure 69. The projection of the footpoints of the filament threads in Figure 68 on 
the magnetogram 
 
Figure 70. Blue wing counterpart of Figure 68 in 6562.3 Å at 12:06 UT 
Using all the processed images, a study is made by analyzing the positions of the 
blue and red cross marks on the magnetograms. Figure 72 shows a magnetogram 
image upon which all the footpoints that have been detected through the observed 
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time-period have been marked. For filament 1, there were 106 endpoints seen in the 
red wing image and 91 endpoints seen in the blue wing images, in total. A larger 
number of endpoints of filament threads in the red wing may be just an indication of 
more clarity in the red wing images that makes it easy to follow the threads till their 
ends or an indication of uniform density of mass going into the chromosphere, or 
away from the observer, compared to the mass coming out of the chromosphere as 
seen in the blue wing images. Out of the 106 end points seen in the red wing of Hα, 
27 points lie on top of the positive polarity region, 12 on top of the negative polarity 
region, 37 close to the border of the positive polarity region, 12 close to the borders 
of negative polarity region, 4 were seen lying outside of the positive polarity region, 
in the grey regions among the mixed polarities, and 3 were seen lying outside of the 
negative polarity region where there is no indication of any majority or minority 
polarity nearby.  
 




Figure 72. Footpoints of blue and red wing images consolidated upon one 
magnetogram image. The magnetograms through the time-period of observation 
aligned before consolidating the image. 
 Similarly, out of the 91 endpoints obtained from the blue wing images, 24 
points lie on the positive polarity plage region, 15 points lie on the negative polarity 
plage region, 13 of them lie close to the border of the positive polarity region and 4 
out of 91 of them lie close to the border of the negative polarity region. There were 
21 outside of the positive polarity region and 10 outside the negative polarity 
region. An example is shown with endpoints lying in each of these positions in 
figures 73 and 74. Apart from these common areas where the footpoints are seen, 
they are also seen in mixed polarity regions, regions with both small positive and 
negative polarities. In the set of processed data, there are 8 red and 4 blue points 




Figure 73. Red wing (6563.4 Å) image at 14:29 UT showing examples of locations of 
the feet 
Figure 73 shows the red cross mark marked in between the positive and negative 
polarities. The negative polarity is the minority polarity in this region where the 
positive polarity is dominating. This image is also suitable to illustrate the 
footpoints lying on top of a positive polarity region (blue cross mark). One more 
example is given in Figure 74 to show the endpoint of one of the filament threads 
surrounded by both minority and majority polarities. The region of the filament 
(entire filament region is shown of which Figure 74 is a section) corresponding to 
Figure 74 is given in Figure 75. The five red cross marks in the magnetogram 
(Figure 74) are the left most five cross marks in Figure 75. The top most red cross 
mark is the point that lies among opposite polarities. The cross mark that is at the 
apex of the three cross marks, that make a triangle, is an example of the endpoint at 
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the border of the positive polarity. The remaining cross marks (blue one is not 
considered) lie on the positive polarity region.  
 In the region where filaments 2 and 3 are situated, the magnetic field density 
is low, and the position of the endpoints is not well defined. Some of the images of 
the endpoints marked in both red and blue for filament 2 are shown in Figures 76 
and 77. One of the ends of filament 2 lies on a positive polarity and the other end of 
the filament lies in the ambient magnetic field. The end shown at the top left in 
Figure 76 lies on the edge of a positive polarity field. Figure 78 has two Figures 
showing the magnetogram image with endpoints of filament 3 and the filament 3 
itself. The images are masked in the regions where there were endpoints of 
filaments 1 and 2 marked.  
 
Figure 74. Example of the end of filament threads lying in between polarities (top 
most red cross mark) and on the border of positive polarity region (red cross mark 
at the apex of the triangle formed by cross marks) along with the examples for 













Figure 77. Filament 2 with endpoints taken at 12:13 UT in 6562.3 Å. The image 
corresponds to the magnetogram in Figure 76.  
   
Figure 78. The ends of filament 3 shown on the magnetogram (left) and the red wing 
image of filament 3 taken at 15:42 UT 
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 The group of crosses in the lower left hand and upper right hand corners of the 
magnetogram image in Figure 78 depicts the locations of the endpoints of the 
filament 3. Filament 3 is in a stage of formation and hence a definite structure is not 
decipherable. The filament with the cross marks are given so that the path of the 
filament can be followed and compared with the magnetogram. One of the two 
endpoints near the upper right hand corner of the magnetogram image in Figure 78 
lies in between negative polarities and the other one lies in between positive 
polarities but both are very close to the fields of opposite polarity.  In the left hand 
corner, some of the ends lie on top of positive polarities, some near the edges and 
some in between positive and negative complexes. This property is consistent for 
both filaments 2 and 3 throughout the duration of the observation.  
Projection Effects 
Considering that the endpoints of the filaments lie closest to the chromosphere, and 
observationally measuring the height of the chromosphere from the magnetogram-
Hα image overlay as in Figure 26, the effect of projection of the footpoints of the 
filaments on the photosphere at the N37W28 region can be deduced. The average 
height of the chromosphere using a random number of measurements near the limb 
was found to be 7.5”. Using the latitude and longitude of the location of the active 
region, we find that it subtends an angle of 46.4  at the center of the disk of the Sun. 
The distance from the center to the region of interest is obtained using 1” = 732 km 
on the Sun. Using the theorems of similar triangles, the shift in distance caused due 
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to projection effects is found to be 0.004” which is very negligible compared to the 
resolution of the DOT, which is 0.3”.    
Contrast Near the Feet 
The endpoints of the filament threads appear darker than the rest of the body of the 
threads when seen in wavelengths farther from the centerline of H⍺. As an example, 
the H⍺ - 0.7 and H⍺ + 0.7 Å images corresponding to the images in Figures 68 and 70 
are shown in Figures 79 and 80, respectively. This makes the measurement of the 
endpoints of the threads more reliable.  
 
Figure 79.  Contrast neat the footpoints seen in 6563.4 Å  
 
Figure 80. Contrast near the footpoints seen at 6562.0 Å  
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Distance Between the Blue and Red Cross Marks  
The angular distance between the endpoints of the filaments seen in blue and red 
wing image pairs are measured using the Pythagorean Theorem by counting the 
pixels of the base and height of the right angle triangle whose hypotenuse makes the 
shortest path between the blue and red cross marks on the DOT images. The 
minimum angular distance between the feet is measured to be 0.22”, the maximum 
8.06” (verify) and the average was found to be 1.92”. Figure 81 shows the 
magnetogram with the endpoints of the red and blue filament threads. The closest 
cross marks indicate the ends of opposite wing threads at one time. The calculation 
of the angular distance between the two cross marks of the two pairs of endpoints in 
Figure 81 are shown below. The distance between the first pair of cross marks is 
12.65 pixels and the distance between the second pair of cross marks is 6 pixels. 
0.11” is the pixel scale of the DOT images and using the approximate 
distance/arcsec = 732 km, the distance is obtained in arcseconds and kilometers:  
1st pair from the left: 12.65 pixels = 0.11” * 12.65 = 1.3915” = 1018.58 km 





Figure 81. The distance between adjacent red and blue cross marks corresponding 
to red and blue ends of filament threads is measured.   
Chirality of Filaments 1 & 2 
 The HMI magnetogram files are enhanced to obtain enough contrast to 
approximately draw the polarity reversal boundary between the positive and 
negative polarities in the active region. It is easier to determine the boundary in the 
plage region, the region where the filament 1 is situated, than the regions where 
filaments 2 and 3 are located, due to the lower magnetic flux density and a mixture 
of small scale fields of opposite polarity. Figure 82 shows the approximate PRBs of 
the filament 1 and 2.  
The chromospheric fibrils adjacent to filament 1, when seen from the 
positive polarity side of the PRB, appear to be directed towards the right from the 
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positive polarity plage regions. This indicates that the filament 1 is a dextral 
filament. Also applying the rules of resolving the 180  ambiguity to the filament 
channel of filament 1, the direction of the field along the filament body is from left to 
right.  
 
Figure 82. Polarity reversal boundaries for filaments 1 (lower yellow line) and 2 
(upper yellow line) 
 
The positive for the filament 2 is mostly on the right side of the negative of 
filament 1 and also to the right of the PRB (see Figure 82). The threads of the 
filament 2 also appear to be bending towards the right when seen from the positive 
polarity side of the PRB. Thus, this is a dextral filament also. Two dextral filaments 
can merge to form a continuous filament. However, during the initial part of the 
observation, both filaments show endpoints each appearing to belong to their own 




Figure 83. Filaments 1 and 2 in the blue wing 6562.3 Å image at time 13:17 UT 
appear to be discontinuous 
 
However, in the image taken in the red wing (6563.1 Å) at the same time time as the 
previous image which is a 6562.3 Å (blue wing) image, the two filaments appear to 
be continuous. This is shown in Figure 84 and it appears to be continuous at the 
location where there appears to be a discontinuity in between the two filaments in 
Figure 83. The ends of filament 1 can be seen to be diverging away from the filament 
2 in Figure 83. However, in Figure 84, the filament 1 appears to separate from the 
second filament near the corner. This may be due to lack of enough red shifted H⍺ 
mass in the region, as might be the case (lack of enough blue-shifted material) in 
Figure 83 causing an appearance of the gap. Similar gaps are seen at several times. 
Figure 85 and Figure 86 shows the blue and red wing images of the filaments at 




Figure 84. Red wing image corresponding to Figure 83 showing continuity in the 
region where the two filaments appear to be disconnected in the blue wing image 
shown in Figure 83 
  
Figure 85. Discontinuity in the two 
filaments in blue wing at 13:46 UT 
Figure 86. Filaments 1 & 2 appear 
continuous in the red wing image taken 
4 seconds later than the previous image 
The following images (Figures 87, 88, 89 and 90), show that the two 
filaments have almost merged and appear continuous even in the blue wing at 14:21 




Figure 87. The two filaments appear 
continuous at 14:21 UT in the blue wing 
at 6562.3 Å 
Figure 88. The corresponding red wing 
image of Figure 87 at 6563.1 Å 
  
  
Figure 89. The two filaments seen in 
6562.3 Å at 14:30 UT 
Figure 90. The corresponding red wing 
image in 6563.1 Å 
Chirality of Filament 3   
Figure 91 shows the approximately drawn polarity reversal boundary of filament 3. 
The location of the PRB is determined visually by looking at Filament 3 in Hα and 
also the opposite polarity magnetic fields in the magnetogram. It is clear from the 
figure that the region consists of mixed polarities along the polarity inversion line 
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and has not completely formed yet. An imaginary observer standing on the positive 
polarity, on the right of the PRB in the magnetogram in Figure 91, sees the filament 
threads curving towards their left. Hence, this filament also has a sinistral chirality. 
All the filaments in this region are sinistral filaments and have a potential to merge 
and form a circular filament.  
The timestamp of this image is 16:45 UT, close to the end time of the 
observations. The filament was not observed to complete its formation by the end of 
the observation time. Other sources of observations were not also used to confirm 
this.  
      
Figure 91. The approximate path of the PRB of filament 3 (left) and the filament in 
6562.3 A and some of the endpoints of filament 3 (right) 
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Evidence for Mass Going Into and Coming Out of the Chromosphere  
The hypothesis of injection of mass via the footpoints into the body of the filament, 
as a way of the filament acquiring mass, is tested here. The images are zoomed in 
near the ends of the filaments and the movies are made to study the properties of 
mass motion. In the DOT movies of the center line Hα, Hα+0.4 and Hα-0.4 Å 
wavelengths, continuous mass motion into and out of the filament ends are seen. In 
the centerline H⍺ movie, mass is seen going in opposite directions along the body of 
the filament. The flow pattern of mass moving in opposite directions in adjacent 
threads is known as counterstreaming. Near the end points of the filament, the red 
wing movies show the mass going inward into the chromosphere/ photosphere or 
away from the observer in the direction of the line of sight. In the blue wing, the 
mass is seen to be coming out of or towards the observer in the direction of the line 
of sight. It is suggested that these endpoints represent the source sites (blue wing) 
and sink sites (red wing) of the counter-streaming flows. 
In the 6563.1 Å red wing images, the contrast of the H⍺ mass or threads 
appear to be relatively uniform along the body of the filament but darker near the 
ends. In the 6563.4 Å images, which are farther into the red wing, the contrast along 
the body of the filament is low, but is still high near the endpoints, which makes it 
appear darker than the rest of the filament primarily due to the Doppler shift. This is 
indicative of mass flowing continuously into the chromosphere. Since the volume of 
the threads near the endpoints is rather small and all the mass is flowing through 
this endpoint and possibly due to the convergence of strong magnetic fields near the 
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endpoint, it appears darker. A possible explanation for the greater contrast near the 
endpoints is that the filament threads, which are mostly horizontal along the body of 
the filament, bends near the ends making the thread more vertical and hence has 
higher column density in the line-of-sight making it appear darker. The case is the 
same for blue wing images. The endpoints are darker and the body of the filament is 
rarer in the farther blue wing images of 6562.0 Å.  
  
Figure 92. Far red wing image in 6563.4 
Å at 12:28 UT 
Figure 93. Red wing image in 6563.1 Å 
corresponding to Figure 92 
  
Figure 94. Far blue wing image at 6562.0 
Å 
Figure 95. 6562.3 Å corresponding to 
Figure 94 
   Figure 92 shows filament 1 in 6563.4 Å (Hα+0.7 Å) with two definite endpoints. It 
shows higher contrast near the ends due to Doppler shift and possibly higher 
density. Most of the fibrils in the image show this property. Figure 93 is the 
corresponding image of Figure 92 in 6563.1 Å (Hα+0.4 Å). In both images, more 
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uniformly distributed mass in the filament body and other fibrils and also a higher 
contrast near the endpoints can be seen. Figure 94 and Figure 95 are 6562.0 Å and 
6562.3 Å blue wing images respectively, corresponding to the times of Figure 92 and 
Figure 93. Since the end points are not seen to be darker in the blue wing images, 
the density of outflowing mass should be lesser compared to the red wing images of 
the same time. Alternatively, it is known that the contrast is inherently higher in the 
red wing than in the blue wing.  
  
Figure 96. Filament ends in 6563.4 Å at 
13:39 UT 
Figure 97. Filament ends at 6563.1 Å 
     
  
Figure 98. Corresponding blue wing 
image at 6562.0 Å 
Figure 99. Blue wing image at 6562.3 Å 
 
Figures 96 and 97 are red wing images in 6563.4 and 6563.1 Å respectively. 
The blue wing counterparts are shown in Figures 98 and 99. The end points in the 
far blue wing (6562.0 Å) are darker than seen in the previous set of images although 
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the darkness is low closest to the cross mark. However, the inflow and outflow of 
mass into and out of the filament ends can be appreciated in the animation of the 
image frames. The animations are available along with the movies of the entire time 
in all the wavelengths. The still images used for the animation are shown below. 
The far red wing (Hα+0.7 Å) and far blue wing (Hα-0.7 Å) images of the DOT 
data set are used to select the frames which show mass coming out of or going into 
the chromosphere from the filament ends. The sequence of images are made into 
short movies - which show just the emergence of mass or the flow of mass into the 
chromosphere and mass motion along the filament body, depending on which 
Doppler images that we are seeing. The sequence of images shown here was 
selected to make the movies to illustrate the mass motion into and out of the 
filament ends.  
The following sequence of images (Figure 100), between 12:04 and 12:11 UT 
in 6562.0 Å (H⍺ - 0.7 A) shows the mass motion out of one of the ends of filament 1. 
The endpoints are marked in the first image with two blue arrows. The mass 
originating at the endpoint in the upper left hand corner cannot be traced until it 
reaches the other end of the filament because the apparent density reduces along 
the line of sight in the body of the filament. However, in the following sequence of 
images, the mass can be traced until about the middle of the filament body. Mass is 
also seen coming out of the other end of filament 1, located near the arrow shown 
on the right hand side in the first image in the sequence.  
Filament 1 in the red wing wavelength of 6563.4 Å (H⍺ + 0.7 A) are shown 
below in Figure 101. Similar features with respect to mass, as those seen in Figure  
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Figure 100. The sequence of images in 6562.0 Å showing the emergence of mass 
from the footpoint (marked with a blue arrow in the first image). The filament 
structure of filament 1 traced by the mass is seen. 
100, is seen near both ends, but the motion is in the opposite direction. The mass is 
seen going away from the observer into the filament endpoints. For the time 
duration of the sequence of images in Figure 100, that is between 12:04 and 12:11 
UT, corresponding red wing images show low contrast but also shows mass to be 
present all along the body of the filament in still images, making it difficult to follow 
blobs of masses in the still images. Hence, the image frames for filament 1 between 
1 2  









13:46 and 13:50 UT is chosen to show the mass motion away from the observer’s 
line-of-sight, or into the chromosphere, in the following sequence of images (Figure 
101).   
 
Figure 101. The images are in 6563.4 Å. These images correspond to the time 
between 13:46 and 13:50 during which the mass going into the filament ends is 












The following sequence of images (Figure 102), between 12:36 and 12:48 UT in 
6563.4 Å (H⍺+0.7 Å), shows the mass motion in the chromospheric fibrils located 
below filament 1. The red circle in the first image shows the position of the 
endpoint. The images are aligned; however the mass motion can be better 
appreciated in the movie. An example of mass motion in the chromospheric fibrils is 
given for comparison with the mass motion in the filament threads.  
   
   
   
   











   
   
   
   
Figure 102. Image sequence between 12:36 and 12:48 UT at a cadence of 30 sec in 
6563.4 Å H⍺ red wing wavelength. The mass is seen going into the encircled region 
along two discernible threads. In the last seven frames, mass along two different 
threads appear to be going into a point adjacent to the one marked with the red 
circle. This may have been eclipsed by the mass flowing in the adjacent threads in 
the earlier frames. 
The following set of images (Figure 103) show the mass motion along the filament 3 
between 15:37 and 15:56 UT. This filament is still in its formation phase and the 
underlying magnetic field is not strong. This lower magnetic flux density of the field 
associated with the filament is a possible reason for the filament to be wide. 
Although, the filament may also be appearing to be wide since it is not located in the 
center of the solar disk and is seen from a side. Filament threads and mass along 








feet for the number of filament threads making the filament, in the north - near the 
right hand corner of the images and in the south - near the left hand corner of the 
images. The mass originating from the southern footpoints is dense and hence it can 
be traced from the feet along the body. But the ends of the northern feet are not 
seen to be tapering to specific points as in other cases. The mass does not appear to 
originate from inside of the footpoints in the north in the images; in other words, 
there is the lack of definite footpoints in that area. But the mass appears to be 
flowing and is also dense (as seen in the third image onwards). The mass becomes 
dark near the ends of the threads and flows southward along the filament threads; 




















The dense endpoints of the filament threads even at the far wing may suggest that 
that the mass is coming from deeper into the chromosphere. Hence, further 
observations in additional wavelengths to look at lower into the chromosphere or 
into the upper photosphere are required to trace the mass to its point of origin.  
The mass going into and coming out of the filament endpoints, as seen in the 
sequences of images above, are definite proofs for injection and draining of mass via 
the endpoints of the filaments. The sequence of images in Figure 102 shows that the 
process of mass going in and coming out via the filament end points is similar to that 





LINKING THIS WORK WITH A MODEL  
 
An attempt is made to relate the study of three active region filaments with models 
that depict the filaments, prominences and their magnetic field. The research is 
limited to a few models that can be related to the observational features of 
filaments.  
Archontis & Torok (2008) created a filament eruption model that depicts the 
magnetic flux ropes or twisted magnetic field lines emerging from below the 
photosphere and expanding into the corona to simulate the eruption. The filament is 
made to rise up by applying a density perturbation to the flux ropes. The flux ropes 
uses the principle of buoyancy and a low a plasma β value. The magnetic pressure, 
density of the atmospheres through which the ropes rise and the twist of the flux 
ropes are parameters in the model that can be controlled. The rising magnetic 
structure has three components - field lines in the corona forming an ambient field 
for the flux ropes, two sets of field lines oppositely directed, one going downward 
and the other upward; these ropes reconnect midway. A set of flux ropes situated 
below the axis of the flux ropes that make the coronal field have convex shaped dips 
that contain plasma suspended in them. Many models consider such dips as one of 
the criteria for holding a filament in place (Aulanier et al. 1998; Demoulin et al. 
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1989; Priest et al. 1996). The dips have not been seen in the present observations. 
However, when the ropes rise up into the atmosphere from below the photosphere 
the plasma also rises up with the ropes. This feature of emergence of plasma from 
below the photosphere into the atmosphere of the Sun by the buoyant forces means 
that the mass should appear to come out of the surface as floating blobs. In the 
observations performed on the active region filaments in the region N37W28, the 
northern end of the filament 3 shows a behavior that may be thought to be 
compatible with the flux rope model of Archontis & Torok (2008). The mass does 
not appear to be “getting fed” into the filament threads from the endpoints which is 
the characteristic feature seen in the endpoints of filaments 1 and 2; this feature is 
also seen in the southern endpoints of filament 3 but distinct endpoints that injects 
mass into the filament are not seen in north end of filament 3. However, this may 
also be due to a lack of apparent density of the outflowing mass near the ends.  
The action of mass getting lifted from below the solar surface was also 
depicted by Priest et al. (1996). The field lines are carried up to the surface by 
convection currents below the photosphere. As they rise, they reconnect to form 
longer field lines; they come close together to the neutral line forming the filament 
channel. Some of the magnetic footpoints are carried to the ends of the PIL where 
they reconnect; some of them cancel and mass is fed into it to form the filament. A 
schematic of how this might happen is shown in Figure 104. Their (Priest et al. 
1996) model predicts that during the reconnection of the opposite magnetic 
elements, the field lines carry mass as they rise into the atmosphere after 
reconnecting. The mass spreads along the field line once it has risen, some of the 
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mass spills from the field line maxima producing the redshifts often observed due to 
mass flowing in the opposite direction from the line of sight. Since the endpoints in 
the southern part of filament 3 is not seen but the mass motion still occurs, this 
mechanism can be thought of being the cause. However, because at the footpoints of 
the filaments 1 and 2, and northern ends of filament 3, there are no reconnecting 
ends appearing to lift up mass as depicted in (c) of Figure 104, this is not considered 
to be consistent with the observations. Also, if the red shift is considered to be due 
to draining of the mass that was lifted by reconnecting threads, the continuous 
emergence of blue shifted mass is difficult to explain.  
 
Figure 104. Illustration of lifting of mass during reconnection of magnetic field in the 
filaments (Priest et al. 1996) 
Archontis & Torok (2008)’s flux rope model also considers the reconnection 
of oppositely directed ropes in the middle region from where the upward and 
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downward ropes are located. This feature is not of high significance in the model; 
however, the property itself seems highly likely. In the observations, we see both 
blue shifted and red shifted mass motions occurring throughout the body of the 
filament with dark filament endpoints seen in both blue and red shifted Doppler 
images. Although the DOT images are high resolution images, reconnection of the 
oppositely directed threads are not observed. The reason for this may be that the 
threads are not resolved or due to a lack of consistency in the clarity of all the 
images. However, the mass going into and coming out of the filament ends on the 
two ends of the filament in the blue and red shifted images occur simultaneously 
making it logical to think that both filament threads may be merging along the body 
of the filament.  
 Archontis & Torok (2008) measured the erupting flux ropes with respect to 
the time and also calculated the velocity, in two scenarios – one without an ambient 
coronal magnetic field and second, with the ambient coronal magnetic field.  The 
black curve in Figure 106 shows a linear change in the increase in height of the 
erupting flux ropes with respect to the time in the absence of an ambient field.  The 
red curve shows the relation of height with the time of the erupting ropes in the 
presence of a coronal field. A preliminary analysis using the DOT data of the 
erupting filament 2 was made and the height of the eruption was measured from 
time to time. Figure 107 shows the time evolution of the erupting filament with the 
height. The result is comparable with Figure 106, in the sense of the initial slow rise 
phase and the later fast rise phase. However, further investigation is necessary to 
accurately determine the reason for the difference in shape in both the graphs.  
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Aulanier et al. (1998) used the linear force free equations to model the 
evolution of Hα prominence feet. The feet are assumed to lie in minority polarity 
fields. The magnetic field of the minority polarity regions of an observed filament 
channel is used as parameters in the model and also the motion of the minority  
 
Figure 105. Height of eruption with respect to time in the presence of an ambient 
coronal field (red curve) and in the absence of it (black) 
 
Figure 106. Measurement of the evolution of the height of the erupting filament, 
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pockets are simulated. Their model depicted a quasi-separatrix layer around the 
feet of the prominence which was similar to earlier observations of a filament in Ca 
II by Mein et al. (1997) showing faint brightening near the endpoints. These 
brightening are thought to be due to the release of energy, similar to the energy 
release in flare ribbons during which the quasi-separatrix layers are known to be 
present, but at a low level. Their model also confirms the orientation of the fibrils 
and the global shape of the filament. The filament used for their model is a quiescent 
filament. The active region filaments studied here show very little resemblance in 
terms of the properties of feet of the filament mentioned in their model, in the sense 
that they lie on the borders of the majority polarity regions. Also, the line of sight 
magnetic field must be determined from the magnetograms in order to consider 
linear force free fields. The quasi-separatrix layer near the feet of the active region 
filament 1 may be computed to relate to the values obtained for a quiescent filament 
and also if this corresponds to the plage brightening between 15:45 and 16:50 UT 
near filament 1.  
Further observations of the photospsheric magnetic field are necessary to 
determine the relation between the inflow and outflow of mass via the filament 
endpoints and the cancelling magnetic field. Using values of the line-of-sight 
magnetic fields, the rate of cancellation of the fields can be obtained. The velocities 
of the inflowing and outflowing mass near the footpoints can be found using time-
slice diagrams and compared with the rate of flux cancellation. This can be 




Models by van Ballgooijen & Martens (1989) and Martens & Zwaan (2001) 
consider the shearing motion, convergence of fluxes and reconnection along the axis 
of the filament channel for the filament to form. While the threads are seen merging 
in filament 3, mass motion doesn’t appear to be happening along a twisted or helical 
path, which is considered as mandatory for filament formation by these models.  
Recommendations for Future Models 
The following are some of the important points extracted from the study of the 
active region filaments of Oct 30, 2010 present in the region W28N37 on the Sun 
that may be utilized in an active region filament model.  
1) The mass motion from end to end along the filament body is continuous.  
2) Multiple endpoints are present for an active region filament.  
3) The endpoints of the blue wing and red wing filament threads lie close to each 
other. Exactly overlapping endpoints were not found. The minimum distance 
between the red and blue wing feet was observed to be 2”.  
4) Most of the endpoints of the filament threads lie near the borders of the majority 
polarity region. On occasion, a minority polarity exists near the feet but the feet of 
the filaments are not seen going into the minority polarity. Some of the filament 
ends lie on top of the majority polarity also.  
5) Emergence of mass from the filament ends in the blue wing images and mass 
going into the filament end points in the red wing are clearly observed. Continuous 
mass motion as a support mechanism for filament may be considered as suggested 





This thesis is a study of the mass motions in three filaments with attention to 
determining sites where mass enters and leaves the filament.  The data suitable for 
this purpose was found among Hα multi-wavelength observations obtained using 
the Dutch Open Telescope (DOT) during 2010 by Sara Martin and team. The data 
consists of images of an active region on the Sun containing three filaments at the 
heliographic coordinates N37W28.  The images are recorded every 30 seconds at    
centerline Hα and at 3 discrete steps of wavelengths in each wing of Hα. 
The data processing consisted of aligning DOT images of each wavelength in 
the wings of Hα using a semi-automated program called Helioviewer developed at 
Helio Research, a solar research organization in southern California. Movies were 
made from the aligned images using GIMP, an open-source image processing tool.  
Frames that revealed mass entering and leaving the ends of the three filaments were 
selected by studying the dynamics of the filament structure. The footpoints were 
then marked at the ends of the filaments in these frames. The magnetic properties of 
the footpoints were studied by aligning each of the selected frames with the 
magnetograms by first aligning both DOT and magnetogram images with a common 
full-disk Hα image.     
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The results of this study are: 
1)  It was found that the filament 1, which was between the most concentrated 
plage, had distinct footpoint on each end of the filament with mass coming 
into and going out of the filament throughout the five hours and forty five 
minutes of the observations. This continuous mass flow from each end 
accounts for the counterstreaming observed in the filament.   
2) Filament 2, northeast of filament 1, had less distinct end points. It merged 
with filament 1 about 2 hours after the beginning of the observations.  It also 
slowly erupted after merging with filament 1. Filament 3, west of filament 1, 
was in the early stage of formation during the interval of the observations.  It 
had less distinct endpoints than filament 1 at the south end and no 
identifiable endpoints at the northern end.    
3) Mass going into and out of the chromospheric fibrils was found to be similar 
to the mass motions flowing into and out of the filaments.  
4) 39% of the footpoints were found to be lying on majority polarity regions, 
33.5% were found to be lying on the borders of the majority polarities, and 
the remaining were in areas of mixed polarity. This result is inconsistent with 
previous observations where the filament spine endpoints and barb 
endpoints were found to be in minority polarity or in between majority 
polarity and minority polarity magnetic fields. However, this inconsistency 
might also be due to the low magnetic sensitivity and/or low spatial 
resolution of the HMI instrument. This might account for the absence of 




List of Acronyms 
AIA Atmospheric Imaging Assembly 
BBSO Big Bear Solar Observatory 
CCD Charge-Coupled Device 
CME Coronal Mass Ejection 
DBR Diffuse Bipolar Region 
DOT Dutch Open Telescope  
EBR External Bipolar Region 
EUV Extreme Ultraviolet  
GIMP GNU image manipulator program 
GONG Global Oscillation Network Group 
HMI Helioseismic and Magnetic Imager 
I/EBR Internal/External Bipolar Region 
IBR Internal Bipolar Region 
LCT Local Correlation Tracking 
MDI Michelson Doppler Imager 
NLTE Non-Local Thermodynamic Equilibrium 
PIL Polarity Inversion Line 
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PRB Polarity Reversal Boundary 
SOHO Solar and Heliospheric Observatory 
SDO Solar Dynamics Observatory 
SST  Swedish Solar Telescope 
UT Universal Time 
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